~] 
= 
ucer con 
t precise 


insmitter 


ble. Als« 


‘ y ibe 


| 


\ B 888359 


} 
| 


THE LIBRARY OF MARCH 1961 


CONGRESS - 
SERIAL REGORD 


MAF 16 1961 


components digest 20: TIMERS part 1 





MAGNETIC 
SINE/COSINE GRAY 
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new 
I Dileyeztsraeyere 
shaft-to-digital 
encoders 





Librascope Shaft-to-Digital Encoders are highly accurate, reliable, shock-resistant, 
and versatile... ready to serve in a variety of applications including missiles, 
aircraft, machine control, computers, Doppler navigation and data processing. 
Accuracy that counts is the by-word of a Librascope Encoder... backed by the 
superior technology and reputation of one of the world’s largest producers of 
Computers that Pace Man’s Expanding Mind. 


other popular Librascope encoders Resolution 
Full scale per input 
Code | Model no. capacity shaftturn _ 
new new Binary | 773 13 bits 128 counts 
noncontact subminiature at |__0-773 oil-filled unit for increased life 
magnetic encoder size 8 encoder Binary 710 10 bits 1024 counts 
707 (707D*) 7 bits Ted 
713 (713D") 13 bits etd 
MODEL NO. 807 MODEL NOS. 787 & 793 Binary —-| 717 (770°) 17 bits 128” 


FEATURES: FEATURES: 719 (719D") 19 bits 128” 
Long life, high reliability, hig Low torque, low inertia, long | 0-713 oil-filled unit for increased life 
natural binary V-Scan readout. life, high reliability, withstands 7 Self-Decoding 
SPECIFICATIONS: severe environments. Binary 740 10 bits 1024 counts 
Output Code: natural binary SPECIFICATIONS: | 723 (723D") 2,000 counts 200 ” 
Resolution: (per input shaft turn) Output Seong #3 natural bina 724 (724D*) 20000 ” 200 
128 counts Resolution: (per input shaft ° eran : - 
Full Scale Capacity: 7 bits* turn) 128 counts B/C/D | 733 (733D*) 3,600 - 200 
Speed: operating from O to or —_ Ca y: ts, 1 its | 734(734D*) 36,000 200 
10,000 rpm pee : Operating JU rpm, 735 360,000 ” 200 
Life Expectancy: 20,000 hours slew 600 rpm * - + a ; 
at 4,000 rpm; 4 x 109 revolutions Life Expectancy: 2 5 757-S 4 quadrants 7 bits per quad- 
Starting Torque: 0.1 in-oz. max. revolutions at 200 Sine/Cosine | per turn rant + limit 1 
Diameter: 2” Starting Torque: 758 4 quadrants 8 bits per quad- 
eet 13/16” Nd de maximum 758-S** per turn rant + limit 1 

eight: 5 ounces iameter: 7 T “prom 

"ALSO AVAILABLE IN 13, 17, AND 19 Weight: 3 ounces _Gray _ | 708 8 bits 256 counts 


BIT CAPACITIES *Contain isolation diodes **Servo driven, 
for multiplexing hermetically sealed 
BURBANK BRANCH 


NEW CATALOG For career 
AVAILABLE ~ LIBRASCOPE Division opportunities, write 
write today , GENERAL PRECISION, INc. D John Schmidt 

for your copy . 100 East Tujunga « Burbank, Calif. Engineering Employment 
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A NEW HYDRAULIC-MAGNETIC BREAKER 
NO BIGGER THAN A POCKET LIGHTER 











Light ... small... a snap to install! This 144-ounce circuit 
breaker can help you out of a tight spot, if you’re cramped 
for component space. Only 24%” x 5g” x 2%” overall, it can 
take the place of both a fuse and a switch—and save you 
installation time and trouble, in the bargain. A single half- 
inch hole is all you need for mounting, and there are only 
two connections to make, instead of four or more. (The 
breaker’s “universal” terminals let you use the kind of con- 
nection best suited to the job, too—soldered, solderless, or 
screwed.) You can have this breaker in any integral or frac- 
tional current rating from 0.050 to 15 amps, at 110V, 60 or 
400 cycles AC, or 50V DC. Whatever rating you spec will be 
decimal-point precise—and permanent (you don’t have to 
de-rate the hydraulic-magnetic breaker for high ambient 
temperatures). Bulletin VP will give you more information. 
A word from you will put a copy in the mail. 


HEINEMANN ELECTRIC COMPANY <© 125 BRUNSWICK PIKE, TRENTON 2, NJ 
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One-piece high diele 
tric strength insert co 
tains molded-in-ferrules 
for. positive contact re 
tention. Eliminates one ll are plated in accordar 
cause of moisture ked HYFEN « 
entrapment. 
wry 


MINIATURE COAX 


crimped-contact reliability —snap-lock versatility 


Burndy’s line of rack and panel HYFEN connectors 
offers the high reliability of crimp-type, snap-locked 
contacts. The versatility of the HYFEN technique is 
increased by the accommodating of a wide range 
of wire types and sizes... coax, miniature coax and 
standard cable. 





FOR FURTHER INFORMATION CONTACT OMATON DIVISION 


NORWALK, CONNECT. BICC—BURNDY Ltd. Prescot, Lancs., England In Continental Europe: Antwerp, Belgium 
SEE MORE AT IRE BOOTHS 1735 - 1737 
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The Sourcebook of Design Ideas in Applied Electromechanics 


MARCH 1961 @ VOL. 5 NO. 3 


Contents 


Components Design 


ANALOG R-C INTEGRATOR WITH DIGITAL OUTPUT 


“Resetting” an analog integrator when its output exceeds a preset level results 
in 0.01% accuracy 


LOW-VOLTAGE CURRENT BREAKER TRIP 


Static trip device without moving parts or contacts provides accurate, 


trip 


sensitive 


AC TO DC CONVERTER 
Modular units combine high accuracy and speed with long-term stability 


Systems Design 


ROTATING TRANSMISSION 


Multiple pinions and injected-nylon splining provide control flexibility and 
high-torque capacity 


Research 


ELECTRIC ARC HEATER 


Sun-temperatures generated in uncontaminated high-pressure gas 


New Techniques 


SINUSOIDAL VOLTAGE GENERATION IN PRECISION ROTATING 


COMPONENTS 
Design procedures for optimizing windings to achieve the minimum deviation 
from ideal performance 


20-MILLIONTH BALL BEARING 
New manufacturing and gaging techniques produce 10-fold advance in 
state-of-the-art 


PACKAGE ENGINEERING 
New look in nameplates and panels 


Materials 


CRYOGENIC MAGNETS 


Niobium-tin solenoid superconductive in field of 88,000 gauss 


Management 


THE BUCK ENDS HERE 


Would you, as you were ten years ago, work for yourself as you are today? 


Components Digest 


TIMERS — COMPONENTS DIGEST 20, Part I 
Application, 


fundamental characteristics, sources of time delay, practical 


considerations, output circuitry, timer combinations 


SEMICONDUCTOR DEVICES IN ELECTROMECHANICAL ENGINEER- 
ING — COMPONENTS DIGEST 21, Part I 
General properties, application problems, responsibilities of electromechanical 
engineers in a typical development involving semicdnductors 


Departments 


CONTRACTS 


BOOK REVIEWS 


PRODUCTION AIDS 


NEW COMPONENTS FOR 
ELECTROMECHANICAL SYSTEMS 


NEW CATALOGS FOR 
YOUR THREE-RING BINDER 


DATA SHEETS FOR 
YOUR THREE-RING BINDER 


INDEX TO ADVERTISERS 
PRODUCT INDEX 


Circulation for March 
over 29,0 


BPA 


SUBSCRIPTION POLICY 


ELECTROMECHANICAL DESIGN is circulated only to qualified re- 
search, development and design engineers in all branches of industry in 
the Continental United States, including government installations and 
universities. You can qualify for a complimentary subscription by —- 
us the following information on your company letterhead: your name an 
title, your company’s products; the number of engineers in your depart- 
ment, the number of engineers in your company and a description of your 
development and design functions. Please indicate whether your major 
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engineering function is electronic, mechanical or electro-mechanical. The 
letter containing this information must be signed by you. Address changes 
for current subscribers require a re-statement of above qualifications. 

Home subscriptions to qualified subscribers are available at a service 
fee of $2.00 per year; subscription rate for non-qualified subscribers, 
$10.00 for one year only; library, group or company subscriptions, $10.00 
for one year only. All foreign subscriptions, $20.00 for one year. Single 
copy $1.00 when available. 











































































































GENERAL CIRCUITRY 
AND QUICK DISCON- 
NECT MSSeries, MS Types, 
K Series. MS plugs meet 
MIL-C-5015; include environ- 
mental resistant types, and 
feature low cost, uniform 
quality, interchangeability, 
and wide variety of contact 
arrangements. A wide vari- 
ety of shell sizes and types 
are available to meet all gen- 
eral-purpose applications. 
The K Series are lightweight, 
rugged, all-purpose plugs— 
have many of the features of 
the MS Series. The K line 
features a special Acme 
threaded coupling. Crimp 
snap-in contacts are avail- 
able in some MS types. 





HERMETICALLY SEALED 
Available in most popular 
plug lines. Includes the first 
Series approved to MIL-C- 
25955, which requires leak- 
age rates of less than .001 
micron cubic foot.per hour 
(1.5 x 10° cc/sec.). Plugs for 
all hermetic applications— 
standard or custom designs, 
with some series designed 
to withstand extreme ther- 
mal shocks, temperatures 
from —100°F to 1000°F, pres- 
sures above 2000 psi. 


RACK/PANEL Dua! pane! 
rectangular plugs have a 
wide variety of contact ar- 
rangements and shell sizes. 
Rectangular shape increases 
insertarea utilization, simpli- 
fies assembly, provides max- 
imum flexibility for module 
or unit plug-in applications. 
Available in environmental 
resistant types; coaxial and 
high voltage contacts, solder 
or crimp snap-in. 











COAXIAL RF SERIES 
Available in a wide variety 
of types from subminiatures 
to large cable applications. 
For use in thousands of mili- 
tary, industrial, and commer- 
cial applications. Meet ex- 
treme environmental condi- 
tions. Hermetically sealed 
versions, weight-saving 
aluminum versions avail- 
able. Full line of RF plugs 
meets all requirements from 
ground based equipment 
through outer space. 










AUDIO AND LOW LEVEL 
CIRCUITS P, XLR, XK, O, 
UA Series for all low level 
sound requirements. Full 
line of plugs for all require- 
ments of microphone, radio, 
television, tape recorders, 
computers, control devices, 
and many other applications. 
In many shell sizes and con- 
tact layouts, coaxials. Latch- 
lock types, wall mounting, 
panel, locknut mounting, 
and adapter receptacles. 
Line includes the deluxe 
streamlined XLR Series. 


{) 


UMBILICAL PLUGS AND 
PLUG/HARNESS SYS- 
TEMS Designed for the 
specialized demands of mis- 
sile launching; provides the 
utmost reliability in connec- 
tions between complex elec- 
tronic systems within a mis- 
sile and a master control 
point or other ground sys- 
tems. Compatible with any 
method of launching, any 
method of engagement or 
release. Plug/Harness sys- 
tems are designed, manu- 
factured, and tested as a 
unit under rigid, quality-con- 
trolled conditions in a sepa- 
rate, highly specialized facil- 
ity. The ability to combine 
specified plugs and cables 
into one complete unit pro- 
vides a single responsibility 
for performance of the com- 
plete plug/harness system 
—assures the highest relia- 
bility. 








For more than four decades Cannon has been solving critical plug problems for every conceivable 
military and industrial application. Our wide variety of plugs—more than 27,000 designs—are available 
to meet such problems of modern technology as shock, vibration, acceleration, temperature, altitude, 
moisture, and miniaturization...Cannon plugs are the standard of the industry for use in aircraft, 
missiles, ground support equipment, computers, data processing devices, business machines, radio, 
television, and many other standard and special applications. For additional information on the typical 
designs illustrated, or other types to meet your individual requirements, write to: 







CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, California 
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MINIATURE SERIES 
KQ/KR, KM, K-Miniature, 
DPA, DPX, Golden-D. Circu- 
lar Miniature Plugs designed 
for aircraft, missile and other 
applications where space 
and weight are critical. In- 
clude environmental resist- 
ing, crimp snap-in contacts, 
quick-coupling devices, 
monobloc construction, her- 
metically sealed versions. 
Miniature Rectangular Plugs 
meet weight and space limi- 
tations in rack/panel instal- 
lations. Range from light- 
weight sub-miniatures to 
small plugs of great strength. 
Coaxial layouts, hermetically 
sealed versions, crimp snap- 
in contacts. 





MAGNETIC DEVICES A 
wide range of magnetic actu- 
ating devices for military, 
industrial, and commercial 
applications. AC and DC 
solenoids; linear, rotary and 
reciprocating actuators for 
computers, business 
machines, environmental, 
and special design. Push, 
pull, Push-Pull; high tem- 
perature, potted, hermetically 
sealed. Broad power ranges, 
input voltages in 6, 12, 24, 36, 
115, and 230 de and ac. 


SEE CANNON AT BOOTH 2727-31, IRE SHOW 


CANNON 
@ PLUGS 
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newest principle 


...fOr monitoring 


.. regulating 
...controlling 


new CRMR meter-relay offers continuous indication, con- 


tinuous control utilizing the simplest control system ever 


The new CRMR (short for Continuous-Reading Meter-Relay) 
permits you to perform minor miracles in simplifying control 
circuitry. A new toggle-contact principle gives full-scale in- 
dication at all times with immediate, non-cyclic control re- 
sponse. An unrestrained D’Arsonval movement gives high 
sensitivity and versatility to measure any electrically-measure- 
able variable. 

The entire system consists of the CRMR and a load relay. 
Interrupters are eliminated. So is their associated circuitry. 
Reset is instantaneous and automatic. 

Because of the exclusive API booster coil, contacting action 
is fast, firm and virtually without “dead zone.” Control per- 
formance is uncompromisingly reliable. 


THE COMPLETE STORY in pictures 

a clear, graphic presentation of the 
CRMR and associated circuitry is pro- 
vided in Bulletin S-2 


SEND FOR YOUR COPY 


ASSEMBLY PRODUCTS, INC. 


Chesterliand 79, Ohio 
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Instrument Servo Motors 
Precision Potentiometers 
Electromagnetic and 
Potentiometer Transducers 
Environmental Testing 
Sensitive Relays 

Connectors and Fasteners 
Analog-Digital Converters 
Electromechanical Switches 
Fractional Horsepower Motors 





An indispensable sourcebook of design 
information. First published in ELEC- 
TROMECHANICAL DESIGN and 
now collected in one easy-to-consult 
volume. Puts at your fingertips com- 
plete surveys of each of the categories 
listed above. Easily worth twice the 
price — $7.00. Get your copy now. 
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CONTRACTS 


What a nerve Melpar, Inc. has in the planning stage. Under a contract from 
the USAF Air R & D Command, Melpar of Falls Church, Va., will make a stud) 
of generalized machine learning, including fabrication of an artificial nerve cell 
that will learn as a result of reward and punishment signals. The contract also 
provides for digital computer simulation of a network of these nerve cells in- 
cluding self-generation of the reward and punish signals. The single cell, 
called Artron (for artificial neuron), will receive reward signals when it comes 
up with the right answer, punishment signals when it misses out, but it will 
be given enough play to experiment and try new approaches. Experience will 
teach it, in time, how to handle signals on the basis of its own “intelligence” 
that is, the machine will make its own decisions. Although Melpar has been 
actively engaged in research involving principles of bionics, the science of apply- 
ing biological knowledge to the design of electronic devices and systems, this 
is the firm’s first contract involving direct application of the science. According 
to Engineer Robert J. Lee, the Artrons may be connected into networks; each 
Artron will have autonomously variable delay plus an autonomously variable 
logical capability encompassing 16 alternative Boolean gates for two-input logic. 
For learning, the logical gating and delay of the Artrons are selected by trial 
and error on the part of the machine; this initial variability of logic and delay 
progressively gives way to such consistency of action as is required. Collectively, 
a network of such variable-logic elements can lend themselves to a step by step 
progression of learning from simple to more involved problems through a ten- 
dency to build up logic interconnections. For defining successful operation and 
supplying reward or punishment, Melpar’s model utilizes generalized pre-assigned 
goal circuits and also may be designed to acquire goals autonomously which could 
eliminate the need for any human operator and eliminate the need to anticipate 
problem contingencies. Theory indicates that for uncomplicated problem en- 
vironments, the Artron network will discover and supply solutions to a wide 
variety of problems within its total problem solving capability and may re- 
learn if conditions change. Even one Artron can solve simple learning problems 
such as anticipating a cyclic binary series, and can illustrate purposive and 
creative behavior. The objective is to work toward extremely versatile machines 
capable of being organized by raw input data from the environment. 


“The sky is falling down” — Tracerlab of Waltham, Mass. reports that they plan 
to bring “blue sky” theories down to earth. The U. S. Army Engineer R & D 
Labs has awarded Tracerlab a contract to continue research in the use of X-ray 
“Rayleigh Scattering” phenomena for particular military applications. “Rayleigh 
Scattering” techniques derive from the theoretical work of the great 19th century 
British scientist, Lord Rayleigh. Rayleigh’s theories concern the interaction of 
solar light with atmospheric particles and were formulated in an attempt to 
explain why the sky is blue. Tracerlab scientists, by extending these concepts 
to the interaction of X-radiation with matter, hope to develop instruments which 
will not only be able to identify particular materials in the soil, but also perform 
accurate non-destructive inspection of reactor fuel rods and very small quantities 
of contaminants in process streams. The present $77,371 follow-up contract 
was preceded by two preliminary contracts: $35,324 and $55,679. 
BRIEFLY: 
Accelerometers: $985,000 to Giannini Controls Corp., Duarte 
Calif. from USN. 
Reliability testing equipment: 2 million to Baird-Atomic, Cambridge, Mass. from 
Lockheed Aircraft Corp., Sunnyvale, Calif. for 
the Midas satellite program. 


Doppler navigation $1.5 million to Ryan Electronics, San Diego, Calif 

equipment: from Sikorsky Aircraft Div. of U.A.C., Stratford. 
Conn. 

Power supplies: $350,000 to Perkin Electronics Corp., El Segundo 
Calif. for Polaris submarine. 

Missile radars: $11.5 million to Sperry Gyroscope Co., Great 


Neck, N.Y. from Bell Telephone Labs for Nike 
Zeus system. 
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Electrical Noise 


W. R. Bennett 
288 pages, $10.00 
327 W. 4l1st Street, New York 36, N.Y. 


How noise originates in electrical cir- 
cuits, the terms in which it is described, 
how it is measured, and how circuits 
may be designed to minimize undesir- 
able effects from noise are presented 
in this book. It describes in qualitative 
and quantitative terms the physical na- 
ture of various important noise sources. 
discharges. Fundamentals needed for 
analyzing basic sources of noise are 
covered, and methods of measurement 
and design are stressed. A discussion 
of the relation of signal and noise in 
communication systems of various types 
is included. Coverage of recent ad- 
vances includes a treatment of noise in 
transistors, masers, and parametric am- 
plifiers. Among the subjects of special 
interest are the properties of thermal 
noise and its relation to black body ra- 
diation, and an introduction to elemen- 
tary mechanics which is woven into the 
discussion of the maser and of noise in 
semiconductors. Fundamental facts 
about such devices as junction diodes, 
transistors, gas discharge tubes, klys- 
trons, traveling wave amplifiers, and 
non-linear reactive amplifiers are given 
as an adjunct to their noise properties. 


An Engineering Approach To 
Gyroscopic Instruments 


Elliott J. Siff and Claude L. Emmerich 
Kearfott Div., General Precision Corp. 
119 pages, $7.50 

Robert Speller & Sons, Publishers, Inc. 
33 West 42nd St., New York 36, N. Y. 


“An Engineering Approach to Gyro- 
scopic Instruments” presents the perti- 
nent characteristics of gyroscopes. 
Starting out from a few special cases 
which are easily understood, sufficient 
mathematical formulation is introduced 
to arrive at quantitative relations that 
can be applied to new gyroscopic prob- 
lems. These principles are then ap- 
plied to the basic gyro configurations 
that form the foundation of practically 
all present-day gyroscopic instruments. 
A few special, or “exotic,” gyro designs 
are presented, including air bearings, 
electrostatic and_ electromagnetically 
supported gyros, vibrating gyros, and 
particle gyros in which the spin momen- 
tum of the hydrogen atom is active. 
The final chapter is devoted to a num- 
ber of actual gyroscopic instruments 
that are used in today’s ships, aircraft 
and missiles. 
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MAGNETIC AMPLIFIERS DIVISION 


632 TINTON AVE., NEW YORK 55, N. Y. 


‘ — 
CORPORATION CYPRESS 2-6610 
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ELECTRONIC @¢ PRINTED CIRCUIT @¢ GRAPHIC 


SYMBOLS 


MADE TO ORDER 


Repetitive symbols . . . 
items... 
engineers or draftsmen haven't yet discovered the speed and economy of 


in fact any drafting, blueprint or specification detail 
can be applied in seconds, rather than drawn in hours. If your 


STANPAT, they are wasting valuable hours . . . and valuable money. 

STANPAT tri-acetate sheets are quickly and easily adhered to your tracings 

without special equipment. Reproductions are crisp and clean . . . Won't dry 

out, come off or wrinkle. Mail the coupon today and see for yourself. 
, 






















STANPAT CO., Whitestone 36 N.Y. 
Phone: Flushing 9-1693-1611 pep: 72 
] Please quote on enclosed samples 
[] Kindly send literature and samples 


Name_ i a 
 — 
EE 
Address. = _— 
City State 
See ee ee eS eS eee 
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Slip Rings? 
To provide excellent electrical properties 
and long equipment life for slip rings, we 
manufacture and supply fine and coin silver 
in the form, size, finish and degree of hard- 
ness most convenient for the manufacturer 
and least productive of scrap. 


Photo courtesy of Breeze Corporations, Inc., 
Union, New Jersey 





Adjustable Contacts? 


The Handy & Harman Bimet shown here is 
used as an adjustable contact in a Rimset 
thermostat for control of residential heat- 
ing, cooling and air conditioning. It is made 
of fine silver for optimum conductivity and 
reliability, and clad with bronze to give a 
more machinable, easily threaded surface. 
Handy & Harman bimetals give you uni- 
formly clad precious metal just where you 
need it, with no excess. Available in gold 
and silver and their alloys in strip, overlays, 
inlays, edge lays and thrulays. 

Photo courtesy of Penn Controls, Inc., Goshen, 
Indiana 


If What You’re Doing 


Involves Precious Metals* 


HANDY & HARMAN 
CAN HELP YOU DO IT 


Gold and silver...and their alloys...possess a combination of char- 
acteristics that offers unique advantages to the electronics and 
electrical industries. Their excellent electrical and thermal conduc- 
tivity makes them ideal for a vast range of applications, particularly 
in subminiature components. Their ability to resist corrosion im- 
parts long service life and dependability to critical control items. 
The fact, too, that they can be obtained in so many convenient 
forms...wire, strip, sheet, powder, bimetals, flakes and plating 
anodes ...lends them unusual versatility. 


These are only a few examples of the ways in which Handy & 
Harman precious metals are used in the electronics and electrical 
fields. Perhaps they will suggest some ideas to help you apply them 
advantageously in your own products or operations. Our technical 
staff invites your inquiries. No obligation. 


* GOLD & GOLD ALLOYS + SILVER AND SILVER ALLOYS 
BIMETALS + SILVER PAINTS + POWDERS AND FLAKE 


Your No. I Source of Supply and Authority on Precious Metals 





HANDY & HARMAN 


General Offices: 82 Fulton Street, New York 38, N. Y. 


Offices and Plants: Bridgeport, Conn. + Chicago, Ill. * Cleveland, Ohio 
Dallas, Texas + Detroit, Mich. * Los Angeles, Calif. * Providence, R. I. 
Toronto, Ontario * Montreal, Quebec 


Rotary Switches? 


Low contact resistance and ability 
to withstand corrosion make silver 


ideal for switch parts. The stationary 
contacts of this rotary switch are 
made of fine silver...the multiple 
leaf brushes are of durable silver 
alloy. Life tests of one million oper- 
ations, representing several years of 
normal use, show that “Zero” re- 
sistance of 0.001 ohm through the 
switch body changes by less than 
0.0005 ohm. 

Photo courtesy of Leeds & Northrup 
Company, Philadelphia, Pa. 
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Ketay Servo Components 


available separately. 


Ketay servo components are recognized throughout 
industry and military agencies for outstanding accuracy 
and reliability. The advanced designs and quality 
control techniques provide precision to satisfy the most 
exacting requirements of today’s servo systems. 

Now this same high reliability is available to your 
servo systems with Ketay modular packages. These 
packages are produced with the identical quality control 
procedures as are the individual components... and 
provide your servo systems with the maximum accuracy 
of the individual components. 


& 


Here are a representative group of Ketay components 
available separately or packaged in combination. 


ROS. Control and torque transformers; trans- 
mittens and receivers; torque and control differential 
transmitters to MIL-S-20708A. Sizes 05 to 31. 


\ MOTORS Featuring high ratio of stall torque 
to power input at maximum rpm. A wide variety in 
frame sizes from 05 to 23. Exceed environmental 
requirements of MIL-E-5272A. 


or in modular packages 


Complete range of servo amplifiers, tran- 
sletenined and magnetic. Outputs from 1. 5 to 9 watts, 
designed to operate in ambients from —55° to +125°C. 
Also dual channel resolver amplifiers. 


A wide choice of types including 
ee vo turn and multi-turn, with linear and non-linear 
windings, ganged potentiometers as well as sector and 
pendulum pots. High temperature (to 300°C) and 
nuclear resistant models. 


Size 08 to 23 resolvers available offering 
functional accuracies to .03%, stability over a range 
of —55°C to +125°C, high input impedance. Vernier 
resolvers available with null spacing accuracy of 10 
seconds. 


Variety of gyro spin motor 
and pick-off characteristics may be combined to fulfill 
desired specifications. 


Integrating and damping 
types. Size 15 integrating model requires no warm-up 
time, meets environmental requirements of MIL-S- 
17806. Size range from 08 to 18. 


Ketay manufactures a precision line of rotating components and 
encoders in a wide range of sizes to meet your specific requirements. 


UNITED AIRCRAFT CORPORATION 


NORDEN DIVISION 


KETAY DEPARTMENT, COMMACK, LONG ISLAND, NEW YORK 
CIRCLE NO. 9 ON INQUIRY CARD 
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More Rugged...Weigh Less 
Take Less Space...More Precise __ S37 


Wherever you have an application involving multiple 
narrow-band filter channels, you'll find Raytheon 
Magnetostriction Filters will meet your most exacting 
requirements. They are ideal for Shock, Vibration, and 
Test Equipment, Spectrum Analyzers, Underwater 
Sound Analysis Equipment, Telemetering Equipment, 
Oscillators and Wireless Paging Systems. 

Features of the Raytheon Magnetostriction Bandpass 
Filter Arrays include: 

Unlimited combinations can be arrayed at accurately 
spaced frequency intervals—At 50 kc., center frequency 
can be adjusted within 0.3 cps. 

More economical for arrays in 30 kc to 400 kc range 
—Priced from $12 to $35 per filter. 


Arrays are smaller and lighter—A bank of ten filters 


can be mounted on a 134” x 3” panel—total assembly 
weighs only ten ounces. 

Higher O and higher frequencies than conventional 
coils — Q from 2,000 to 15,000. Resonant frequencies 
from 30 to 400 kc. 

Wide dynamic range—40 to 55 db. 


Withstands shock and vibration—Complies with JPL 
vibration specification No. 14803A. 

Ideal impedances for transistor circuits—Single filter 
input and output standard from 15 to 2,000 ohms. 

For additional data on Raytheon Magnetostriction 
Filters please write to: Raytheon, Industrial Compo- 
nents Division, 55 Chapel Street, Newton 58, Mass. 

Stock Filters with Fixed Center Frequency Available 
from Local Franchised Raytheon Distributors. 


RAYTHEON COMPANY 


INDUSTRIAL 


COMPONENTS DIVISION 
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13 MOVES 
TO RELIABLE 
TRIMMING 


SPECTROL’S FULL LINE of trimming potentiometers 
features 10 of the smallest square trimmers ever made, 
plus the only transistor-size units for solid state circuitry. 
This selection covers almost every conceivable 
application—a sure way to avoid checkmate when 

you need reliable trimmers. 


SQUARE TRIMMER DATA. Models 50 and 60 
measure ¥g” and 12” square respectively ® humidity 
proofing a standard feature ® available in resistances 
to100K ® greater surface contact between mandrel and 
aluminum case for better heat dissipation, no external 
heat sinks needed ® dual wiper for positive contact 
under all conditions of shock and vibration. 


SINGLE TURN TRIMMER DATA. Model 80 built 

into TO-9 transistor type case ® measures less than 44” 
in diameter, weighs 1 gram—smallest trimmer on the 
market ® completely sealed against moisture and 
humidity ® resistance element twice as long as ordinary 
trimmers ® designed for complete package encapsulation 
with other printed circuit components ® available in 

3 case styles with resistance range to 20K. 


IMMEDIATE DELIVERY. Your nearby Spectrol 
distributor stocks standard models of trimmers and 
miniature potentiometers as well as other standard Spectrol 
precision potentiometers and turns indicating dials. 

Prices are $6 to $8 in quantities of 1-9 for 

most styles and resistances. 


MORE DATA AVAILABLE. Contact your Spectrol 
engineering representative or drop us a line at the factory. 
Please address Dept. 40. 


ALL TRIMMERS SHOWN ACTUAL SiZ 


ELECTRONICS CORPORATION 


1704 South Del Mar Avenue « San Gabriel, California 
Phone: ATlantic 7-9761 


Adams Court « Plainview, L.1I., New York 
Phone: WElls 8-4000 


See the complete Spectrol line at 1.R.E. Show— Booth 1907-09 


MODEL 60 


MODEL 80 


Transistor size case 


MODEL 80 


Transistor size case, 
bushing mount 


MODEL 50 


Bushing panel mount 


MODEL 80 


Printed circuit pins, top adjust 


MODEL 60 














Self-contained logic: 


Norden degree-counting binary decimal encoders 


Encoders in this group offer unique self-selecting 
V-brush system, developed by Norden engineers, to 


prevent ambiguity without external brush-selection 
circuitry. Consequent reduction in associated equip- 
ment encourages miniaturization in system design. 
The unit weighing only 13.2 oz.—the Model ADC- 
5-36BCD—translates shaft position into degrees to 
a resolution of 0.01°. Converters are available with 
both standard 8-4-2-1 and 4-2-2-1 codes. 


SIMPLIFIED DESIGN PLUS 
UALITY PRODUCTION 
ACHIEVE UNEXCELLED RELIABILITY 


Reduced number of components minimizes possibility 
of error. 

Meets Military Specifications MIL-E-5272A and 
MIL-E-5422D. 

Self-checking gating devices provide virtually 100% 
error monitoring. 


Two brushes parallel for each contact reduce noise. 
Precious metal brushes are mated to micro-finish 
pattern disc during run-in. 

Precision design and manufacture achieve longer life: 
4 x 10° revolutions at 150 RPM under continuous 
full load. 


FIVE OF NORDEN’S STANDARD DEGREE-COUNTING 
BINARY DECIMAL SHAFT ENCODERS: 


ADC-ST3- ADC-3- ADC-4- ADC-5- ADC-6- 
MODEL 36BCB 36BCD 36BCD 36BCD 36BCD 


Total count 360 360 3,600 36,000 360,000 
1 3.6 36 360 3,600 











Revolutions for 
full count 


ee tit -. 360 360 ee — a 


Mounting Size 33 Size 23 Size 23 Size 23 Size 23 


APPLICATIONS: gun turrets, antenna pattern recorders, 
airborne data acquisition, navigation systems, ship- 
board computers . . . elevation and servo azimuths, 
machine tool positioning tables. 























RELIABILITY IS DESIGNED IN...AND BUILT IN 
BY UNUSUAL MANUFACTURING CONDITIONS 


Scientists and military electronics experts testify to 
Norden’s unusual quality control techniques. En- 
coder parts are manufactured, assembled, inspected 
and reinspected with extreme care in positive- 
pressure, dust-free, temperature-controlled labora- 
tories. Norden’s exceptional design and production 
facilities are the foundation of encoder reliability. 
Detailed manufacturing control specifications are 
available for your inspection. 


Review your requirements and send for complete specifications on these or any 
other Norden encoders. Write, or call Norwalk, Connecticut, TEmple 8-4471. 


UNITED AIRCRAFT CORPORATION 
NORDEN DIVISION 


NORWALK, CONNECTICUT 
CIRCLE NO. 12 ON INQUIRY CARD 
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TO THE ENGINEER 
who wants his “circuit jewelry intact 


AE takes great pains in preparing its Class 
E relays for a well-adjusted life in the world 
of automatic control. To make sure that they 
reach you in the same happy state, we’re now 
shipping them in a special protective package 
molded to shape from featherweight poly- 
styrene foam. 


The two sections of the case have identical 
multiform cavities. When put together, they 
form a snug fit for any Class E relay assem- 
bly. The possibility of relay damage in pack- 
ing, in transit or in removal is virtually 
eliminated. To facilitate production, the con- 
tainers can be fed directly to your assembly 


line; relays remain protected and accessible. 
As for Class E relays, you can have them with 
the usual solder terminals, ‘““Taper-Tabs,” 
end-mounted printed circuit terminals, wire- 
wrap, prewired octal plugs, screw terminals 
or other special forms to fit your needs. 

Our circuit engineers will be happy to work 
with you in applying Class E relays to your 
designs. They’ll also be glad to tackle any 
control problems you may have. 


Want details? Just write the Director, Con- 
trol Equipment Sales, Automatic Electric, 
Northlake, Illinois. And be sure to ask for 
Circular 1702-E, “Relays for Industry.” 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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COMPONENTS DESIGN 


ANALOG R-C INTEGRATOR 
WITH DIGITAL OUT-PUT 


“Resetting” an Analog Integrator 
When Its Output Exceeds a Preset 
Level Results in 0.01% Accuracy 


Precision accelerometers produce a dc 
voltage proportional to acceleration to 
an accuracy of better than 0.01 percent. 
In order to utilize this accuracy, the 
component used to integrate the accel- 
erometer output should be capable of at 
least this same precision. Also, some 
systems require that the integrator out- 
put be in a digital or quantized form 
that can be directly fed into a digital 
computer without: the necessity of con- 
version which could result in an addi- 
tional source of error. An R-C inte- 
grating system demonstrating these cap- 
abilities was described by R. J. Jarrett, 
General Electric Co., Schenectady, 
N.Y., in a paper presented at the recent 
National Electronics Conference. 


R-C INTEGRATOR 


Block diagram of a typical R-C integra- 
tor is shown in Fig 1. Capacitor Cg is 
used to bypass the narrow bandwidth 
carrier amplifier at the higher frequen- 
cies in order to make use of the wide 
bandwidth of the direct coupled ampli- 
fier. The feedback capacitor C and 
resistor R, are the precision scaling com- 
ponents. 

Mr. Jarrett described some pertinent 
equations commonly used for this type 
of integrator as follows: 

Transfer function: 


e.(s)/e€im(s) == —A {1/1 + (AR,C)S] 
(1) 

Response to a step input E: 
e.(t) == —AE [1—E exp (—t, AR,C) } 
(2) 
% Linearity error = 1/2(t/AR,C) 100 
(3) 


Input current gradient (amps/g) : 
I,,/Acceleration = 32.2CE (Max), 
Velocity (Max) 
(4) 





Drift Error: 
de,/dt = iariee/C 
(5) 
Equation (2) shows that the re- 
sponse to a step input is actually an 
exponential rise in the output voltage, 
while a perfect integration should pro- 


14 








A-c 


MODULATOR AMPLIFIER 




















R 
wv |_| >— 7 


o-c 


DE~MODULATOR AMPLIFIER 























Fig 1 A typical R-C integrator 








duce a linear rise. The error between 
the desired linear output and the actual 
exponential is a function of the integra- 
tion time t as shown in Equation (3). 
Extremely good linearities can be ob- 
tained for long integration times by 
using a high amplifier gain A. With 
practical transistor amplifiers a linearity 
of 0.01 percent can readily be obtained 
for 10 minute integration periods. These 
equations neglect capacitor leakage but 
capacitors are available which make 
this valid even at temperatures above 
100 C. 

Of the two most serious problems 
with R-C_ integrators—scale factor 
changes and amplifier drift — Mr. Jarrett 
identified drift as usually the worst. The 
effect of drift depends upon the appli- 
cation, and more specifically, upon the 
scaling. Equation (4) is an expression 
for the input gradient of the integrator. 
E (max.) is the amplifier saturation 
voltage and the maximum velocity is 
in ft/sec. It is desirable to have as high 
an input gradient as possible so that 
the drift current will be equivalent to 
a very low acceleration. For a specific 
application, the limit on the input gradi- 
ent is, therefore, dependent on the 
amplifier saturation voltage and the 
value of the integrating capacitor C. 
There is a practical limit to the value 
of the capacitor that can be used be- 
cause of its physical size. A 1 micro- 
farad Teflon capacitor measures 2 x 2 x 1 
inch and weighs about 0.25 Ibs. Equa- 
tion (5) gives the effect of drift current 
on the output. If the amplifier satura- 
tion voltage is 40 volts and the integra- 
tor capacitor is 1 microfarad, the drift 
error due to 5x10“ amps for 10 
minutes would be 0.03 volts or 0.075 
percent of maximum output. Drift 


errors under 0.1 percent in 10 minutes 
are obtainable with practical transistor 
amplifiers operating over a wide tem- 
perature range. 

The problem of scale factor variations 
is primarily due to the integrator ca- 
pacitor. Short term variations due to 
the capacitor temperature coefficient 
can be minimized by temperature con- 
trolling the capacitor which can have 
a temperature coefficient as good as 50 
ppm. A short term stability of 0.005 
percent can, therefore, be obtained 
with a 1 degree C temperature control. 
However, the long term stability of the 
capacitor with temperature cycling is 
only around 0.2 percent. Periodic scal- 
ing adjustments are therefore necessary. 


DIGITAL OUTPUT CIRCUIT 


By “resetting” the R-C integrator each 
time its output exceeds a fixed level, 
the significance of the drift and scale 
factor errors can be greatly reduced. 
A block diagram of the “reset” circuit 
is shown in Fig 2. It operates in the 
following manner: a dc current propor- 
tional to acceleration is applied to the 
input of the R-C integrator. The R-C 
integrator output which is proportional 
to velocity is monitored and, if it is 
above a selected limit, a pulse of pre- 
cise amplitude and length is applied to 
the integrator input with the correct 
polarity to drive the integrator output 
back toward zero. Each “reset” pulse 
is equivalent to an acceleration applied 
to the integrator for a precise time and 
is, therefore, equivalent to an increment 
of velocity taken out of the integrator. 
Each time a “reset” occurs a pulse can 
be sent to a digital computer which 
counts the pulses and accumulates the 
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Fig 2 Block diagram of the circuit used to obtain a digital 
output from an R-C integrator. The dc output current of 
the accelerometer is applied to the R-C integrator. The 
integrator output is sensed by polarity sensitive Schmitt 
triggers, the ouput of which gate precisely timed, nar- 
row “start” pulses to the timing flip-flop. The flip-flops 
control the “on” time of the transistor switches which 
supply a regulated dc of either polarity to the integrator 
input. If the integrator output is above the triggering 




















level on one polarity, a “start” pulse will be allowed to 
pass through a gate to one of the flip flops. The flip- 
flop, in turn, will “close” one of the transistor switches 
which will apply a regulated dc current of correct po- 
larity to the integrator input to drive the output back 
toward zero. A “stop” pulse is then applied to the flip- 
flop after a fixed time interval to halt the “resetting” 
action. 














total integral. Fig 3 shows a diagram 
of the integrator operation under simu- 
lated input conditions. 

Since the R-C integrator output is 
never allowed to approach the amplifier 
saturation, the input gradient (amps/ 
g) can be made very high and thus 
amplifier drift currents become much 
less significant. The long term integra- 
tor scale factor changes due to the in- 
tegrating capacitor have little effect 
because the same scale factor is used 
for input acceleration and for the “reset” 
pulses. The two are integrated almost 
simultaneously. This also eliminates the 
need for temperature controlling the 
capacitor. 

Linearity requirements of the R-C in- 
tegrator are reduced because the con- 
tinuous resetting results in effectively 
short integration time of the alternate 
reset pulses and input acceleration. It 
is therefore possible to use lower am- 
plifier gain for most applications. This 
also eases the low leakage requirements 
of the capacitor. 

The value of the limit above which 
“resetting” will occur is made small 
enough so that the residual velocity left 
in the integrator is small compared to 
the desired accuracy. It is not necessary 
for precise control of this limit. The 
accuracy of the “reset” integrator de- 
pends primarily on the area of the “re- 
set” pulses; that is, the amplitude of 
the pulse current and the pulse length. 

There will be an error introduced in 
the total integral due to the finite pulse 
size or what can be considered resolu- 
tion of the integrator. Some residual 
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Fig 3 Operation of the circuit used to ob- 
tain a digital output from an R-C inte- 
grator with a sample acceleration applied. 
A sample acceleration is shown at the top 
and the actual integrated acceleration is 
shown as the solid curve. After the in- 
tegrated acceleration reaches the velocity 
limit, a “reset” pulse is initiated at the 


next “reset” time t,. This reduces the 
output of the R-C integrator as shown by 
the dot-dash curve. The “reset” operation 
repeats each time the R-C integrator out- 
put is above the limit at a “reset” time, 
such as t, and t,. The digital velocity is 
shown on the dashed curve. 
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Fig 4 Block diagram of a typical “start” and “stop” pulse 
generator and its associated waveforms. The sinusoidal 
oscillator output is squared and differentiated to produce 
a train of narrow 200 ke pulses as shown in waveform 2. 
These pulses are fed to the two gates. Waveform 3, a 
2 ke rectangular wave, is derived from the oscillator by a 
frequency divider. The negative slope of waveform 3 is 
used to trigger a 5 and a 50 microsecond multivibrator. 
The 5 microsecond monostable m.v. has a cycling time 
approximately equal to the oscillator period and its out- 
put is shown in waveform 4. Waveform 4 is used as a 
gate pulse which passes one of the 200 kc narrow pulses 
of waveform 2 at a 2 kc rate. The gate output is shown 
in waveform 5. These are the “stop” pulses. The 50 
mcrosecond m.v. is used to control the time between the 
consecutive “stop” and “start” pulses. This controls the 
duty cycle of the integrator or the delay between con- 
secutive “reset” pulses at the maximum “reset” rate. The 
50 microsecond m.v. is not allowed to cycle freely. Its 
“on” time is controlled by a 20 ke signal which is also 
derived from the 200 ke oscillator by a frequency divider. 
The 50 microsecond m.v. output is shown in waveform 





6 and the negative slope of this signal is used to trigger 
another 5 microsecond gate multivibrator to produce 
waveform 7. This gate allows another narrow pulse of 
waveform 2 to pass through to produce waveform 8. 
Waveform 8 contains the “start” pulses which lag the 
“stop” pulses by 50 microseconds. This lag is one tenth 
of the time between consecutive “start” pulses and thus 
produces a 90 percent maximum duty cycle. The ad- 
vantage of this type of pulse generator is that it pro- 
duces narrow pulses with a fast rise time which have very 
little “jitter”; that is, the time between pulses is extremely 
stable. This would not be the case if the frequency was 
divided by counting alone. The pulse stability depends 
on the pulses of waveform 2 which are derived by de- 
tecting the crossover of the 200 ke sinewave. The cross- 
over of a single cycle of a clean sinewave can be detected 
consistently to within 0.25 percent of its period. Since 


. the oscillator frequency is 100 times that of the gate 


frequency this will amount to 0.0025 percent of the gate 
period. The “reset” pulse length is approximately the 
same as the gate period so this will introduce only 0.0025 
percent uncertainty in the “reset” pulse length. 











velocity could remain in the R-C in- 
tegrator at the end of the integration 
period. The magnitude of this error 
will depend upon the application but 
in typical cases it does not amount to 
more than a maximum of 0.0025 per- 
cent. 

The input gradient of the integrator 
can be increased at least 1000 times 
that of the analog R-C integrator for 


most applications. It is limited mainly 
by what the accelerometer can supply. 
It was previously mentioned that 0.1 
percent drift error could be expected 
in a 10 minute integration period, for 
the analog case. This means that 0.001 
percent error in 10 minutes could be 
obtained by “resetting”, even if 10 times 
as much actual drift current were pres- 
ent in the amplifier. A typical value of 


error contributed by drift is 0.0025 per- 
cent in a 30 minute integration period. 

By taking the rms value of error due 
to scale factor variations, resolution and 
amplifier drift, the total expected error 
would still be below 0.01 percent. Tests 
have been made on a laboratory model 
which verify the predicted 0.01 percent 
accuracy. 

Write No. 152 in Box on Inquiry Card 





WORTH BUYING 





Transistor Specification Manual 


Loose-leaf bound manual of over 600 
pages contains a compilation of the 
latest specs for transistor types appear- 
ing in the ARINC Semi-Conductor De- 
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vice Preferred List and the Military 
Preferred List. Meeting a need in the 
electronics industry for comprehensive 
information and specs on preferred 
transistor types, the manual also con- 
tains: summary of transistor types; 
reproduction of basic specs for both 
U. S. and U. K. military types; ab- 


stracts of latest specs on transitor types 
where no mil specs yet exist; and latest 
mil specs for certain European tran- 
sistor types. Price: $10.00. 


Order Your Copy From: 


ARINC Research Corp. 
1700 K Street, N. W. 
Washington 6, D. C. 
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Versatile, top quality V5, X5 line 
offers wide range of options 


Skinner’s two-way and three-way V5, X5 series of sole- 
noid valves has earned the description—‘“The Universal 
Line.”’ With more than 100,000 variations possible, V5, 
X5 valves are available for every conceivable applica- 
tion. And top quality is emphasized with bubbletight 
sealing, and stainless steel body, plunger and sleeve 
assembly. Precision machining, unique welding tech- 
niques, specially designed and developed machinery 
and manufacturing methods are all used by Skinner to 
produce the best valves made. These valves are small, 
yet handle operating pressures as high as 3000 psi. They 
accommodate all media that do not corrode stainless 
steel. And no other solenoid valves offer so many 
optional features. Check the following options. 


FLOW CONTROL 


Precise, accurate control of media 
flow is possible with all Skinner 
V5, X5 valves. Both two-way and 
three-way valves are available 
with adjustable flow in the main 
stream, and with manual over- 
ride. Two-way valves are also 
available with adjustable by- 
pass. Exhaust flow can be con- 
trolled in three-way valves. 


COILS 


Skinner V5, X5 valves are avail- 
able with coils of many types for 
most DC and AC voltages at 25, 
50 and 60 cycle frequencies. 
Whether your requirements are 
for continuous or intermittent 
performance, in tropical, high 
moisture or high temperature en- 
vironments, or for dual voltage, 
Skinner UL approved coils are 
available with leads of several 
types and lengths. 





PORTING 


Restrictions of installation 
or application, and mount- 
ing are minimized because 
Skinner provides a wide 
variety of port location 
options. V5, X5 valves are 
available with ports at right 

or left angles, on bottom, 


top, and sides for virtually 
all combinations of flow. 














ELECTRICAL HOUSINGS 


Skinner offers an electrical housing for any application. 
Some of the most common are: 

standard %” NPT conduit 

grommet outlet 

single or double automotive terminals 

JIC housings with integral junction box 

AN connector for military applications 

strain relief connector for quick disconnect 
All housings are steel, plated for wear and appearance, and 
can be rotated 360° for easy installation. 


MOUNTING 


Skinner V5, X5 valves are pro- 
vided with tapped holes for 
normal mounting, with mount- 
ing brackets for panel or other 
surface, or with flange for 
direct mounting without 
threaded pipe connections. 
The Skinner V5, X5 series 
of two-way and three-way 
solenoid valves provides top 
quality design with orifices 
from »” to %” diameter, nor- 
mally open, normally closed, 
dual purpose, directional con- 
trol and multi-purpose, in standard and explosion-proof 
construction. Also included in this line is a three-way 
quick-exhaust type which is designed with an additional! 
port to exhaust cylinders 4 times faster than standard types. 


Typical applications—machine tools, cylinder control, 
instrumentation and automation of all kinds, laundry 
equipment, aircraft and missiles, etc. For catalogs and 
complete information contact a Skinner Distributor 
listed in the Yellow Pages or write us at the address below. 


When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed internationally. 
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SKINNER ELECTRIC VALVE DIVISION, 


THE CREST OF QUALITY THE SKINNER CHUCK COMPANY «¢ NEW BRITAIN, CONNECTICUT, U.S.A. 
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LOW-VOLTAGE 
CURRENT BREAKER TRIP 


Static Trip Device Without 
Moving Parts or Contacts 
Provides Accurate, Sensitive Trip 


Circuit breaker trip coordination, often 
a problem with low voltage breakers, 
can now be approached with new, more 
sensitive trip characteristics. Static 
overcurrent trip devices developed by 
the Boston Works of Allis-Chalmers 
Mfg. Co., and described to us by 
N. M. Russak of that company, pro- 
vide accuracy and trip characteristic 
control not available in direct acting 
trip devices now in use. 

Composed of diodes, resistors, ca- 
pacitors, and transistors, the device has 
no moving parts or contacts. It func- 
tions as a conventional direct-acting 
series trip unit in that it is self-con- 
tained and does not require any ex- 
ternal power source for breaker trip- 
ping. Timing and tripping functions 
are performed by using energy from 
small current transformers mounted on 
the circuit breaker. 

Figure 1 shows the static tripping 
device mounted on a 600 volt, 75,000 
A.LC. circuit breaker. The device, 
whose circuit components are em- 
bedded in epoxy resin making it shock- 
proof and maintenance free, is made 
up of four sections, as indicated in 
Fig. 2: 

(1) Rectifier and filter circuits, 
which provide a power supply plus a 
de signal proportional to the primary 
current; (2) a trigger circuit to start 
the timer when the signal exceeds the 
preset value; (3) a timing circuit in- 
dependent of the rest of the device and 
arranged to plug in, which triggers the 
amplifier after a time delay depending 
on the value of the primary current; 
and (4) an amplifier, which energizes 
the trip coil when actuated by the 
timer. 

An ideal time-current characteristic 
curve has been superimposed in Fig. 3 
for direct comparison on a_ typical 
curve used in present-day standard 
breakers. At present, the tripping curve 
is approximated by use of two time- 
delay devices, one for long and the 
other for short time delay. These more 
conventional overcurrent curves have 
a “hump” or discontinuity between 
elements identified as long-time delays 
and short-time delay. 
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MECHATROL PRECISION 
ROTATING COMPONENTS 





Your motor application deserves the very best. Satisfy your rotating 
components application with reliability. Choose from MECHATROL’S 
wide variety of precision units ranging in diameter from size 5 to 
size 20. These include hysteresis synchronous and servo motors, in- 
tegrating tachometers, miniaturized damping tachometers, and digital 
stepper motors. Units are available with and without integral gear- 
heads, viscous dampers and inertial dampers. 

Consult our new “Instrument Motors and Accessory Equipment” 
catalog RC 610 which contains complete data for MECHATROL’S 
expanded product line of standard precision rotating components. Special 
units are also available to meet your exact specifications. 


_ Write for your free copy and obtain full details. 


sm» SERVOMECHANISMS/INC. 
MECHATROL DIVISION 


1200 Prospect Avenue, Westbury, New York 
MECHATROL OF CALIFORNIA, 200 North Aviation Blvd., El Segundo, California 
Visit Us At IRE SHOW — Booth #2715 
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RMB miniature and 
instrument ball bearings 
are available 

in ABEC-1, ABEC-5 
and ABEC-7 tolerances. 


ONLY ONE OF THESE IS 
BEST FOR YOUR APPLICATION 
For highly sensitive and high speed 


applications you'll choose the RMB 
ABEC-5 or -7 bearing. 


For applications of less exacting re- 
quirements, you'll want to take advan- 
tage of the reduced cost of the RMB 
ABEC-1 bearing. 


IT’S YOUR APPLICATION— 
YOU MAKE THE CHOICE 


Find out more about the RMB line... 
Ask for Catalog 4E-1. 


LANDIS & GYR, inc. 


45 West 45th St. 
New York 36, N. Y. 


See us at Booth 3045 at the IRE Show. 
CIRCLE NO. 16 ON INQUIRY CARD 
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Fig. 1 


Top front view of Type LA-75A, 3PST, 600V. 


75,000AIC electrically operated air circuit breaker showing 





position of static overcurrent trip device. 
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POWER SUPPLY 


Fig. 2 Schematic of electronic circuits used in the static timing device. 


STATIC TRIP ADVANTAGE 


| Tripping characteristics obtained from 


the new static trip unit are depicted 
in Fig. 4. Mr. Russak points out that 
the straight sloping line is similar to 
curves for current limiting fuses and 
other protective devices. Much closer 
coordination with other protective de- 
vices on a system is allowed by the 
straight line characteristic produced by 
the static device. 

Also indicated by operating curves 
of the new unit, Russak says, is that 
the tolerance range results in a very 


narrow band width as compared with 
much wider band widths found in con- 
ventional devices. Instantaneous ad- 
justments on all three phases may be 
made simultaneously with the turn of 
a knob. This accuracy, plus better 
selectivity, insures continuity of service 
for equipment protected by breakers 
with static trip devices. 


TIME DELAY IS EASILY ADJUSTED 


Ideal tripping characteristic for most 
applications would plot as a straight 
line on a log-log graph over a con- 


ELECTROMECHANICAL DESIGN 
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Fig. 3  Time-current characteristic of 
an electromagnetic tripping device. 





siderable range of time and current. 
Mathematically, this characteristic is 
expressed as 
K K/I" 

The constant K is the time delay at 
unicy current, the minimum pick-up 
current for which the trip device can 
be set to operate. Changing the value 
of K moves the curve vertically on the 
graph without changing the slope. The 
exponent n determines the slope. 

By simply changing the “plug-in” 
timing circuit, time delay can be made 
long or short, as required. The con- 
stant K can be varied over wide limits 
and the slope of the curve can be 
changed in the same manner. Practical 
limits of the components n can be any 
value between one and three. 

Figure 5 illustrates static trip char- 
acteristics for minimum, intermediate 
and maximum time bands. The present 
three-part curves (long, short and in- 
stantaneous) are simplified by com- 
bining the long and short time tripping 
in one time element. Because these 
curves are similar to those of fuses 
there is better protective device co- 
ordination. Existing curves frequently 
project into tihe fuse area which pre- 
vents 100 percent coordination. 
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Sid 


Herman 


can 


show 


how North Atlantic’s instrument 
servos fill the five major 
systems jobs...exactly. 


Measurement, remote display, data conversion, control, computation . . 


. Name the 


task and it’s probable that the North Atlantic man can show you how to meet it 
precisely from NAI’s comprehensive line of 3” and 2” vacuum tube and all solid 
state instrument servos. 


Production models are available for high- and low-level ac, dc, synchro, strain gage, 
thermocouple, resistance bulb and other inputs. Most can be supplied with choice 
of pointer, counter, torque shaft or digitizer outputs. All utilize flexible design that 
permits any combination of input-output features to be supplied rapidly to user 
requirements, for both ground and airborne applications. Some are described below. 


S$BI-201 


Single Pointer 
DC Ratiometer 


Input 
Denom. 5-50v 
Num. 10 mv-100v 
Accuracy 
+.2 to +.5%fs 
Resolution 

.1 to .2% 
Response 

.25 sec. fs 


$BI-401 
A-to D Converter 


Input 
10 mv to 100v de 
Accuracy 
+.1% fs 
Resolution 
from 0.05% * 
Response 
from 2 sec fs* 
*depending on 
encoder used 








$BI-501 


Shaft Position 
Repeater 


Input 
ac, de or synchro 
Accuracy 
+.] to +.5% fs 
Resolution 

05 to .25% 
Response 
7 sec. @ 15 0z-in 





$BI-502 


Three-Digit 
Counter Readout 


Input 
ac, dc, or synchro 
Accuracy 
+0.5 to .1% fs 
Resolution 
02 to .05% 
Response 
15 sec. fs 





S$BI-503 


Dual Scale 
Readout 


Input 
ac, dc, or synchro 
Accuracy 
.05 to .1% fs 
Resolution 
02 to .05% 
Response 
6 sec. fs 


lf there’s a critical job for an instrument servo in your system design, it will be worth 
your while to talk to your North Atlantic engineering representative. For his name, 
call or write today. Or request Catalog SFC-1 for complete data. 


NORTH ATLANTIC 


industries, inc. 


TERMINAL DRIVE, PLAINVIEW, L.1., NEW YORK ¢ OVerbrook 1-8600 


CIRCLE NO. 


See us at IRE — Booth 3939 
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ner controlar 


BY GUARDIAN 





/ Series 1005-2-3 
Series 3005 D.C. A variety of headers Series 2505 D.C. 
4 P.D.T., 10 Amperes and brackets 6 P.D.T., 5 amperes 
3 amps. @ +125° C. 


M.S. APPROVED RELAYS 
for missiles and 


AIRCRAFT 











We 
i 


For complete Military Standard 
approved controls in missiles, satellites, 
weapons systems and aircraft... _ / 
specify Guardian. For highest quality Rotomite Stepper 
relays, solenoids, steppers, switches 12 positions. 20 steps per second 
and complete control assemblies in 
communications, computers, data 
processing equipment, business 
machines, vending, lighting, and other 
applications . . . specify Guardian. 
























—— for INDUSTRY 





No. 32 > Solenoid 
Life Tested to 20,000,000 cycles 



























as Series 670 
Visit Booths 2502-2504 I.R.E. Show impulse Relay tow Cost—Long Life. 


CU nile for information on these and other Guardian Controls. 























MANUFACTURING COMPANY 
1562-C W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
“Everything Under Control” 
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Fig. 5 Time-current 
static tripping device. 
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SHORT CIRCUIT PROTECTION 


n adjustable short circuit response 
over a greater range than is available 
on existing equipment is obtained with 
the new device, Russak says. Instan- 
taneous pick-up is adjustable from 4 
to 30 times the minimum pick-up set- 
ting of the breaker as compared with 
the 5 to 15 times now available. This 
vives increased short circuit protection. 

Pick-up current can be easily se- 
lected over a considerable range. For 
example, a 600 ampere breaker can be 
set to trip anywhere between 480 and 
1200 amperes by a single adjustment. 
The device resets quickly if the cur- 
rent decreases to about 90 percent of 
the pick-up value at any time before 
the breaker trips. 

Static overcurrent relays, since their 
introduction about a year ago, have 
been well accepted because they can 
be smoothly coordinated with other 
power system relaying. Russak points 
out that many of the same components 
are used in the design of the Allis- 
Chalmers low-voltage current breaker 
trip unit. Time-current characteristics 
of the new static trip device, when 
used with load center substation break- 
ers, can be readily coordinated with 
primary distribution backup breakers. 
More exact solutions to coordination 
problems can now be anticipated. 
Write No. 168 in Box on Inquiry Card 





Oscillographic Recording System 


Combination of an optical “direct writ- 
ing” recorder and an 8-channel de 
amplifier provides a recording system 
which gives immediate readout record- 
ings of phenomena from 0 to 5000 cps 
within 3 db at high amplitudes without 
changing galvanometers. The recorder 
employs mirror galvanometer _ inserts 
which may be added as they are need- 
ed to expand the system to any number 
of channels from 1 to 24. Specifications 
for the recorder include: nine electri- 
cally controlled chart speeds from 0.25” 
to 100”,/second; provision for remote 
control of chart speeds; trace deflec- 
tions can overlap to the full 8” chart 
width; beam interrupter for trace iden- 
tification; timing lines at 0.01 or 0.1 
sec. intervals; amplitude lines that may 
be manually eliminated from 44, 4%, 34 
or the entire width of the chart. The 
transistorized amplifier, designed for 
use with any optical oscillograph, con- 
sists of 8-channels of identical circuitry 
for all channels mounted on a single 
chassis. Individual circuits are mounted 
on easily serviced plug-in printed 
boards. Sanborn Co., Waltham, Mass. 
Write No. 628 in Box on Inquiry Card 
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MINIATURE TRANSFORMERS 






High Temperature Operation From Silicone-Glass Laminates 


To fulfill design requirements for minia- 
ture high-temperature systems, Foster 
Transformer Co., Cincinnati, Ohio, has 
come up with a series of unique trans- 
formers for airborne guidance control 
units. These transformers are wound 
on specially formed one-piece coil bob- 
bins made from silicone-glass laminate. 
The use of the laminate qualifies the 
coil bobbins for class “U” (above 
170 C) or class “H” (200 C) applica- 
tions. 

Manufactured for Foster by Silicone 
Insulation, Inc., Bronx, N.Y., this type 
of coil bobbin is actually being used 
in continuous operation above 250 C 
and has been tested at 400 C for 1000 
hours. These bobbins — even the tiniest 
— are made as hand lay-ups. A glass 
cloth, previously impregnated with a 
Dow Corning silicone bonding resin, is 
so arranged that the material from the 
core flows out to form the flanges, thus 

























eliminating the usual joint. The entire 
lay-up is placed in a special mold and 
laminated into a single unit. 

Engineers at Silicone Insulation say 
that this production technique enables 
them to maintain close tolerances and 
that the one-piece construction ensures 
uniform rigidity. Bobbins of this type 
have found wide acceptance among 
manufacturers of high-temperature 
transformers and_ relays, especially 
those designed to meet the require- 
ments of Mil E 16400A. 

As a final step after assembly, Foster 
completely impregnates their high-tem- 
perature transformers with a Dow 
Corning silicone varnish to provide 
extra protection and reliability. 

For more information on Foster's miniature 
high temp. transformers 

Write No. 150 in Box on Inquiry Card 
For more information on_ silicone-glass lami- 


nated coil bobbins 
Write No. 151 in Box on Inquiry Card 





Four high-temperature electronic transformers shown with the one- 
piece silicone-glass laminate coil bobbins used in each. Top: a 
computer power transformer using two six-flange bobbins with a 
single E-1 core. Center: filter choke transformers; a pair of two- 
flange bobbins on an E-1 core and a single two-flange bobbin. Bot- 
tom: an output transformer using a “C” core with a three-flange 


bobbin. 






AC TO DC CONVERTER 


Modular Units Combine 
High Accuracy and Speed 
with Long Term Stability 


Representing a departure from the 
conventional transformer-coupled diode 
rectifier or ring demodulator tech- 
niques, an ac to de conversion method 
developed by Adage, Inc., Cambridge, 
Mass., involves all solid-state precision 
amplifiers and semi-conductor switches. 
It is essentially an “averaging” tech- 
nique (normally calibrated to read 
rms) which provides flexible choice of 
either self-synchronous or phase sensi- 
tive measurement of the ac signal. 


IDEAL CIRCUIT 


The essential mode of operation is il- 
lustrated by the idealized diagram of 
Fig 1. The input signal is connected 
through a switch to an RC averaging 
network. Voltage on the capacitor rep- 
resents the output of the device. The 
switch is opened and closed by the out- 
put of the axis crossing detector. Input 
to the axis crossing detector is the 
phase reference for the measurement. 
To accomplish self-synchronous meas- 
urement, the input signal itself is con- 
nected to the phase reference input 
terminal. 

Significant waveforms for self-syn- 
chronous ac-de conversion are shown 
in Fig 2. Sinusoidal Vs, the input sig- 
nal to be measured, is shown for the 
case where the input is zero until time 
t — 0, at which time the signal is con- 
nected to the input terminal. The 
switch is closed for positive values of 
the signal voltage, thus connecting the 
signal waveform to the RC averaging 
network. 

When the switch is open, the voltage 
on the capacitor remains constant since 
there is no path through which the 
capacitor can discharge. With the 
switch closed, the averaging network 
responds to the input signal, so the 
voltage on the capacitor “follows” the 
signal with a simple time constant, RC. 

It is not necessary that the peak to 
peak ripple, present durng the half- 
wave when the switch is closed, be fil- 
tered all the way down to a level 
equivalent to the precision with which 
the measurement is being made; that 
is, the steady voltage when the switch 
is open equals the half-wave average to 
an accuracy of better than 0.05 per- 
cent of full scale even though the 


24 








Fig 1 Ideal circuit for Adage’s ac to de converter. 
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Fig 2 Waveforms illustrate the consequence of connecting a signal 
voltage to both signal and phase reference input terminals at time 
t=O. Charge on the capacitor is initially “O”. With the switch closed, 
voltage V. on the capacitor in creases as long as V. is less than V.. 
When V, becomes smaller than V., the voltage V. decreases. When the 
switch opens, the voltage V, remains constant. After several cycles, V. 
arrives at a steady condition where the constant voltage, with the swicth 
open, is the same on successive cycles of the signal waveform. During 
the half-cycle in which the switch is closed, a ripple voltage is present 
across the capacitor. During the half cycle in which the switch is open, 
the voltage is constant with no ripple present. Subject to certain con- 
straints on the ratio of the RC time constant to the period of the 
signal waveform, the constant voltage present when the switch is open 
can be shown to be equal to the average value of the positive half- 
waves of V,. Thus, the circuit provides a dc voltage output which is a 
precise measure of the half-wave average of the applied signal. 
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Fig 3 Functional block diagram of three 
standard 5 x 8 in. printed circuit modules. 


ripple present when the switch is faster than can be accomplished with 
turned on is larger than 0.05 percent conventional rectifying and _ filtering, 
of full scale. The result is that the where the filter time constant is con- 
average value can be acquired rapidly, strained to be very large in order for 
in fact, almost an order of magnitude the ripple to be filtered down to a 
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peak-to-peak value smaller than the 
desired precision of the measurement. 

With no frequency compensation, re- 
spone time of the circuit is equal to 
40 cycles of the lowest frequency 
which is to be measured to an accuracy 
of 0.05 percent. With straightforward 
frequency compensation, speed of re- 
sponse is imporved so that the circuit 
responds to within 0.05 per cent of its 
final value within a_ time _ interval 
equivalent to 15 cycles of the lowest 
frequency to be measuered. 


MODULAR UNIT 


Functional block diagram in Fig 3 cor- 
responds more precisely to the actual 
physical harware used in Adage’s con- 
verter. The unit may consist of several 
different standard printed circuit 
modules. 

A precision dc operational amplifier 
is included in the ac averaging module 
to provide voltage gain from the input 
terminal and also to provide a low out- 
put impedance so that current may be 
drawn from the output terminal even 
when the switch is open and the output 
is “holding” a constant value deter- 
mined by the charge on the storage 
capacitor. 

The trigger logic module is used to 
insure that voltage to digital conversion 
occurs only when the ac averaging 
module is “holding” a constant value 
A single channel of ac-de conversion is 
thus obtained with three standard 5x 8 
in. printed circuit modules. 

When ratio measurements must be 
made, two channels of ac-de conversion 
are required: one for the signal chan- 
nel and one for the reference channel. 
If the two channels are to operate from 
the same phase reference, it is neces- 
sary to add to the three modules re- 
quired for single channel operation only 
a single extra module—another ac aver- 
aging module. The axis crossing detec- 
tor and trigger logic are used in com- 
mon to the two channels. Completely 
independent operation of the two chan- 
nels requires an ac averager and an 
axis crossing detector for each of the 
channels. In this case, the trigger logic 
module can still generally be shared by 
the two channels. 

The ac aerager and the axis crossing 
detector modules both provide for in- 
corporation of input ranging resistors 
to accomodate three standard voltage 
ranges: 1 volt, 10 volts, and 100 volts 
full scale rms, at 10,000 ohms per volt. 
Provision for 1000 volts full scale in- 
put, in addition to these three ranges, 
is normally accomplished by an atten- 
uator external to the modules. Any of 
the standard printed circuit modules 
can be combined with Adage’s voltage 
digitizers for a wide variety of ac 
measurements. 

Write No. 170 in Box on Inquiry Card 
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o new dimensions in time and 

| 
pip | space efficiency for: physicians; 
dentists; industrial, hospital, school 


PROFESSIONAL AND SCIENTIFIC FURNITURE | laboratories; draftsmen printers; 


Smart, distinctive design 


-for a MODEST 
INVESTMENT 


New Hamilton 


* gees SHRIES 





Modern styling in a four-post drafting table 


A HOST OF NEW FEATURES including: new canted leg 
styling which assures traditional Hamilton stability with- 
out side cross rails; new attractive finish; light Sahara Tan 
for smart, modern beauty. Fully adjustable footrest: may 
be set in any of five positions for comfort. Steel reference 
tool and catalog drawers: easy operation with wood fronts 
for harmonious design. Choice of 31” or 37” heights. 
Write today for full information on this unique, low-cost 
utility drafting table. 





t 


| libraries: home laundries. a 


Hamilton Manufacturing Company, Two Rivers, Wisconsin cit 
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Multiple Pinions and Injected- 
Nylon Splining Provide Control 
Flexibility and High Torque 
Capacity 


Through use of injected nylon splining 
which assures positive, precise timing 
and smooth mating of all gears in a 
planetary pinion system, a shaft-mount- 
ed rotating transmission, called Roto- 
mission, can incorporate as many as 
12 planetary pinion assemblies com- 
pared to the two sets to which con- 
ventional devices have been limited. 

Because torque and power trans- 
mission capabilities are in direct pro- 
portion to the number of planet sets, 
Airborne Accessories Corp., Hillside, 
N. J. manufacturers of Roto-mission, 
reported that it can provide up to six 
times the torque capacities available 
from any other planetary or spur gear 
type of shaft-mounted unit. 

Airborne Accessories anticipates that 
the transmissions will find immediate 
use in applications where the following 
design or performance conditions 


apply: 





Fig 1 Differential planetary gear trans- 
mission, developed by Airborne Accesso- 
ries, provides extremely high torque 
capacities. Reductions of up to 270 to 1 
are afforded by the transmission, and up 
to about 5 to 1 additional reduction 
through the motor pully drive. Cutaway 
shows internal arrangement of _ three- 
pinion assembly transmission and manner 
in which power from drive motor is trans- 
mitted through V-belts which fit in 
grooves on rotating gear case assembly. 
Transmissions are available in capacities 
from fractional through 60 hp, for torque 
ratings through 21,850 lb-ft in standard 
models with double planetary gear sets 
of from two to six gears. Special units 
can be ordered with up to 12 planetary 
sets for very high torque capacities. 
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STEMS DESIGN 


“Vv BELT GROOVES 
ROTATING GEAR CASE ASSY 
(Input) 


PLANET PINION ASSY 


FLANGE FOR REACTION 
ARM ATTACHMENT 


MOLDED-IN-PLACE 
SPLINED NYLON BUSHING 


REACTION HUB 







) 
0 


SHAFT OF DRIVEN 
EQUIPMENT 


OUTPUT HUB 


SEAL LUBRICATION PORT 


SUN GEAR 


(KEYED TO OUTPUT SEAL LUBRICATION PORT 
HUB) 


STATIONARY SUN GEAR 
(KEYED TO REACTION HUB 


Fig 2 Cross-section drawing of Airborne Accessories shaft-mounted 
rotary transmission illustrates relationships of input to output through 
planetary pinion assemblies and sun gears. Entire unit is oil-filled, in- 
suring proper lubrication to all parts, and suitable seals are provided 
at both output and reaction hubs. Efficiency, quiet operation and long 
life are assured by use of case-hardened chrome nickel steel gears with 
helical teeth which are finish-ground after heat treatment. 


e where exceptional control flexibility 
is desired 

e where extremely high torque is 
needed at relatively high speed 

e where space is limited and at a pre- 
mium 

e where 
desired, 
long life 
e where shaft mounting is required 

Basic Roto-mission system, shown in 
Fig 1, is a differential planetary gear 
transmission whose entire housing is 
grooved for V-belts and rotates to 
serve as the input pulley. Same direc- 
tion or opposite direction rotation, re- 
ferred to input rotation direction, can 
be provided. Schematic illustrating 
construction details is shown in Fig 2. 
The rotating housing revolves on two 
large ball bearings mounted on the 
central members of the assembly. Rota- 
tion is translated to the gear system 
through helical planet gear assemblies, 
each consisting of two gears splined 
to a common shaft. These assemblies 
revolve on needle bearings carried by 
the rotating case. Axial thrust is hand- 
led by balls (in conical sockets at both 
ends of the shaft assemblies) bearing 
upon nylon plugs in the case. 

Planet assemblies engage two sun 
gears. One of these provides torque 
reaction by keying its restraint to a 
reaction hub which has an external 


trouble-free 
with maximum 


operation is 
safety and 


flange for attaching a simple reaction 
arm or any of several other types of 
restraining devices. 

Mounted on needle bearings, the 
reaction hub assembly is telescoped 
over the adjacent output hub, with the 
reaction arm serving as anchor for the 
entire system. Power is transmitted to 
the other sun gear through differential 
action between the planet assemblies 
and the stationary sun gear keyed to 
the reaction hub. The output hub is 
bored and mates with the shaft of the 
driven machine. 


POSITIVE PRECISION TIMING 


According to the company, the re- 
quired degree of precision to achieve 
full load-sharing, good transmission 
efficenecy and service life, through 
perfect meshing of all planet pinions 
with both sun gears, was not possible 
under the limits of normal manufactur- 
ing tolerances. Airborne Accessories 
solved the problem through keying 
each planet pinion to its shaft by a 
molded-in-place splined nylon bushing, 
shown in Fig 3. The planet pinions and 
shofts are located precisely in a fixture, 
actually a dummy transmission, so 
that the pinions intimately engage sun 
gears of correct size and type. 

Nylon is injected into the hollow 
pinion shafts and forced under pres- 
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HUB 
NYLON INJECTED 
THROUGH NOZZLE 
FIXTURE 
IVEN 
LOCATING 
PORT BUSHINGS 
Fig 3 Nylon splining assures precise 
. timing and mating of all gears in the 
HUB Roto-mission system, and equal load-shar- 
ing by all planetary gears. Top view 
shows nylon splining between shaft and 
pinion. Bottom view shows method used 
in construction with all gears retained 
in place in a dummy transmission. 
sure into the splined voids between 
pinions and shafts. Pressure injection 
assures uniform distribution so that 
bail pinions are correctly centered and ex- 
- hibit proper angular relationships. 
> 
the OVERLOAD CAPACITY 
ped Wh ‘a a 
-. en Roto-mission transmissions are 


applied according to the manufac- 
the et ; ; 
turer’s recommendations, the following 


Ball bearing retainers of oil-filled, micro-porous Nylasint have 


Jes considerations prevent overloads from | unique resistance to bleeding under extremes of ee 
lies damaging or destroying the precision pressure and acceleration. Leading builders of inertial guidance 
"> gears or machinery, or injuring person- systems are taking advantage of Nylasint’s unique oil-holding 
» is nel: i characteristics for improved lubrication and performance of 
the : Standard dreary lng- nelle were gyro rotor bearings. Nylasint retainers prevent navigational 
leaf spring which, under shock, will : : ak 2 8 
fail or bend at approximately twice the errors induced by even the slightest shifting of oil masses. 
nominal rated capacity of the reducer Sintered from finely divided nylon powder and impregnated with 
assembly. ; oil, Nylasint parts retain up to 50°; (by weight) of the lubricant 
e If springs are reinforced, the re- 1 reeerebs toe : , oe 
re- action arm will fail at approximately to minimize friction in bearing and wear applications. Almost 


ieve three times the rated reducer capacity. 20% of the initial oil is retained at accelerations of 15,000 G’s. 








a reaction arm Is reinforced, nylon Inorganic additives also give resilient Nylasint parts outstanding 
; planet pinion keys will shear at ; “a ia ne 
ions between four and five times the rated dimensional stability, high load capacity, and increased wear 
ible reducer capacity. resistance, iy 
nd For complete technical data on ™ rece 
ing CONTROL FLEXIBILITY Nylasint, and its design possibilities, ae 
ya Many varieties of reaction: arm. control write for new Nylasint Bulletin. . 
ing, and restraint, and various methods of = 
and installation result in Roto-mission off- 
ure, ering significant application versatility. 

so e Friction reaction arm: Use of a Halex Corporation 
sun spring-loaded friction clutch which | = : a subsidiary of 
"i slips at a desired torsional overload PTET Tis ae industrial plastics The Polymer Corporation 
Ow and restores normal operation auto- . Reading, Pa. 
res- matically after the overload ceases. : 
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SWITCH TO 


(0) 


Precision Electrical 
Resistance Instruments 


STEPPING SWITCHES 


for automation, 
telemetering, 
remote control 


e Rugged ¢ 
e@ Dependable 
e@ Hermetically 

sealed 

if desired 


ROTARY SWITCHES 


for all electronic 
equipment 


Meets or exceeds 
government 
specs. 

Printed 

circuit and 
special 

designs 


@ Quick 
deliveries 


@ Long life 
e All sizes 


CAM SWITCHES 


for counting and control 


Decade 
switch 


Control 
switch 


Decimal to binary converter 


PALISADES PARK, 
NEW JERSEY 


CIRCLE NO. 24 ON INQUIRY CARD 
28 





SYSTEMS DESIGN 


e Friction clutch can be operated 
manually for fingertip engagement or 
disengagement by a machine operator. 
e Electromagnetic clutch with sole- 
noid operation permits remote control 
at any desired point. Torque limiting 
also can be incorporated to provide 
automatic disengagement when exceed- 
ing a pre-selected load through use of 
a spring-loaded limit switch assembly 
to actuate the clutch. 

e Torque release provides complete 
disengagement when a certain load 
value is exceeded. The mechanism can 
be carried on the reaction arm, or it 
can be a fixed mounting set-up external 
to the reducer. 


DUAL SPEED CONTROL 


Several methods may be employed 
with Roto-missions to obtain dual- 
speed operation: 
e Manual clutch control—using a 
dog-type clutch, an operator can se- 
lect engagement with the reaction arm 
to provide normal speed reduction or 
with the pulley casing to give direct 
drive. 
e Electric clutch control — Two elec- 
tromagnetic clutches can be used to 
provide remote control and progressive 
action for speed changes. One clutch 
on the reaction end enables normal 
speed reducerd operation. The other 
clutch, mounted on the output end, 
poins the output shaft to the pulley 
casing for direct -drive. 
e Auxiliary motor—a second motor 
drives through Roto-mission while the 
main motor drives direct. Electro- 
magnetic clutch control permits se- 
lection of the main motor for high- 
power high-speed drive or the small 
motor for low-speed, low-power drive. 
Write No. 183 in Box on Inquiry Card 





Circuit Programming Board 


Selectoboard, a circuit-switching/com- 
ponent interposition device, allows in- 
stantaneous set-up or programming of 
circuitry logic between X and Y axes 
of terminations without the use of 
patchcords and at the same time per- 
mits interposition of diodes or other 


| components between any X and Y ter- 
| mination. 


The Selectoboard consists 
of two separate layers of formed, 
silverplated beryllium copper contacts 
mounted on plastic boards at right 


_ angles and separated by spacers. The 


two planes of contacts are connected 
in an X and Y axis configuration to out- 
side circuitry and may be connected at 


| any point by the insertion of shorting 
| plug. Selectro Corp., Mamaroneck, N.Y. 


Write No. 584 in Box on Inquiry Card 
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Stand-Off Fasteners 


Information on all types of stand-off 
fasteners, used to support tubing, wire 
bundles, conduit, equipment and _in- 
struments is given in an illustrated 20- 
page booklet. “What You Should Know 
About Stand-Off Fasteners” is said to 
objectively cover such subjects as: ad- 
vantages and disadvantages of various 
designs and materials; installation costs 
and how to reduce them; high cost of 
unnecessary re-work; when to use spe- 
cial types; how to compare costs real- 
istically; how to select fasteners; weight 
saving; causes of failure; and _installa- 
tion problems solved. 

Source: Western Sky Industries 

Hayward, Calif. 
For your copy: Circle No. 816 on Inquiry Card 


Insulating Materials 


For reference information on high-tem- 
perature insulation materials, a revised, 
up-to-date engineering comparison 
chart details the commonly-used plastic 
and ceramic insulating materials, in- 
cluding the various formulations of 
ceramoplastics and glass-bonded mica. 
The leaflet lists temperature limits for 
88 materials and thermal expansion 
coefficients of 57 widely used _ insert 
metals and insulating materials. 


Source: Mycalex Corporation of America 
Clifton, N. J. 
For Your Copy: Write No. 846 on Inquiry Card 


Alloy Steel Chart 


New chart enables easy identification 
of alloy steel government specs, thus 
saving valuable time normally lost 
checking through individual specs. It 
shows the chemical analysis require- 
ments for military and federal alloy 
steels. Also listed are specified forms 
(sheets, bars, tubing, etc.) and nearest 
corresponding SAE, AISI and AMS 
numbers. 


Source: Peter A. Frasse & Co., Inc. 
New York 13, N. Y. 
For Your Copy: Write No. 807 on Inquiry Card 


Ceramic Planar Triodes 


A discussion of the principal considera- 
tions of high-frequency cavity design is 
included in a 32-page catalog which 
provides information to assist equip- 
ment designers in the application of 
disk-seal triodes as amplifiers, oscillators 
and multipliers. Examples of typical 
circuits are given as well as complete 
technical data. 


Source: General Electric Co. 
Schenectady, N. Y. 
For Your Copy: Write No. 804 on Inquiry Card 
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Schematic cutaway of Westinghouse arc heater. 


ELECTRIC ARC HEATER 


Sun-Temperatures Generated in 
Uncontaminated High-Pressure Gas 


One of the problems in electric arc 
heaters under development during the 
past two years has been that electrodes 
and walls of the chamber burn, con- 
tributing impurities amounting to as 
much as 10 percent of the mass of the 
gas flowing through the system. Over- 
coming this problem, Westinghouse 
Electric Corp. engineers have devised 
an electric arc heater with the potential 
capability to supply a stream of gas at 
temperatures as high as 20,000 F and 
pressures as great as 15,000 psi that 
will operate for as long as 10 minutes 
with a guaranteed maximum contami- 
nation level of 0.2 percent. Still fur- 
ther reductions in this level are con- 
templated. Efficiency of heat transfer 
to the gas is in excess of 50 percent. 
The unit should be able to supply the 
gas with a constant enthalpy of more 
than 2000 BTU per pound. 

A prototype model of the machine 
designed to accommodate a 1.2 lb per 
sec flow of air or nitrogen has been op- 
erated at a power input of 1700 kilo- 
watts, but a high of 30,000 kilowatts is 
planned by the company. Temperature 
into the nozzle has been maintained at 
10,000 degrees — approximately as hot 
as the surface of the sun. In addition, 
flow from the nozzle of the unit has 
reached a sonic velocity of 3400 mph. 
Velocities over ten times the speed of 
sound can be expected when the gases 
are expanded with a hypersonic ex- 
haust nozzle. 

The arc heater was developed by 
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Hollow donut-shaped_ ring _ electrodes 


which form the terminals for the arc 
of the Westinghouse electric arc heater. 


Westinghouse specifically for use as a 
high-temperature air supply for the 
study of missile re-entry problems. A 
variation of the prototype model is 
now available to the aircraft industry 
for this application. 

They say that advances in arc-heater 
technology should enable them to offer 
equipment to the metal, chemical and 
petroleum industries within one or two 
years. It will find applications wher- 
ever gases at extremely high tempera- 
ture and pressure can be used to ad- 
vantage. 


The basic concept for the arc heater 
was proposed by Dr. Werner Em- 
merich, research physicist at the West- 
inghouse research laboratories. He 
conceived a scheme in which an elec- 
tric arc, dissipating megawatts of elec- 
tric power, can be maintained, virtual- 
ly without erosion of the electrodes, for 
prolonged periods of time to continu- 
ously transfer thermal energy to a gas 
passing through the arc. 

A key to the performance of the new 
machine lies in the design of the two 
electrodes which form the terminals for 
the arc. They are hollow donut-shaped 
rings placed horizontally, one directly 
above the other. Water is pumped 
through them for cooling. An electric 
arc is drawn across the gap between 
the two rings, and then is rotated 
around the gap at a high rate of speed. 

Rotation of the are is accomplished 
by a magnetic field from dec coils ar- 
ranged around the outside of the heat 
chamber. This rotation, combined with 
water-cooling, prevent the electrodes 
from heating to a point beyond the 
structural endurance of the material. 
Repeated tests of the unit have left the 
electrodes undamaged, indicating a 
lack of contamination from this source. 

The working fluid, such as air or ni- 
trogen, enters the arc chamber and 
passes into the arc through openings 
near a water-cooled copper heat shield. 
The shield, which can withstand arc 
temperatures well above 10,000 F with- 
out eroding, protects the walls of the 
arc chamber. After leaving the arc, the 
fluid passes through a_ water-cooled 
nozzle. 

Main components of the equipment 
are an arc chamber and a power sup- 
ply. The are chamber consists of a 
heavy steel envelope in which are 
housed the electrodes, the magnetic 
arc-rotator coil, a nozzle and a variety 
of auxiliary mechanisms. The power 
supply for an alternating-current sys- 
tem includes reactors, transformers, 
switchgear and control circuitry. A di- 
rect-current system which uses a recti- 
fier can also be supplied. 

More than 50 tests of the prototype 
arc heater have been successfully com- 
pleted, and testing will continue until 
the design limits of the equipment have 
been verified. 

So far, the highest pressure at which 
tests have been conducted is 730 psi. 
Other tests with a power input of 549 
volts and 5046 amps (9450 kilowatts 
per pound per second) have raised the 
enthalpy of air passing through the 
chamber 4670 BTU per pound. 

Write No. 173 in Box on Inquiry Card 
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SINUSOIDAL 
VOLTAGE GENERATION 
IN PRECISION ROTATING COMPONENTS 


By S. N. Wasserman, Senior Engineer, Boston Div., Minneapolis-Honeywell Regulator Co. 


Rotating signal-generating components are often used for 
transmitting shaft position information. Ideally, the out- 
put voltage amplitudes vary sinusoidally with input angle. 
Non-ideal performance is caused in part by space har- 
monics in the air gap flux density distribution. This article 
covers design procedures for optimizing windings for mini- 
mum non-sinusoidality of the generated output. 

Although the procedures apply to rotating signal-gener- 
ating components in general, they are viewed throughout 
the article as applying specifically to synchro windings for 
convenience of discussion. 


HARMONICS 


Non-sinusoidal waves are treated in most texts on ac cir- 
cuit theory and therefore this discussion is limited to a 
review of pertinent points. 

Any periodic, finite, single-valued function can be ex- 
panded into a Fourier series of the form: 


f (0) = A,+ Aisin 6+ Bi cos 6+ Az sin 26 
+ B: cos 26 + Assin36 + B;cos36 
+--+A,sinn6+ B, cos né (1) 


In this series, constant A, is the average value of f(@) 
and is found by the expression: 


rae 1 fran (2) 


° 


The lowest frequency components have the same period 
of £(@) and are known as the fundamental components. 
The terms in angles 20, 30, n@ are called the second, third, 
and nth harmonics and have 1/2, 1/3, 1/n the period of the 


30 


fundamental. A, and B, can be evaluated by the expres- 
sions: 


1 27 

.-2 fio sin n@ dé (3) 
v o 
1 27 

B, = 1 fiw cos n6 dé (4) 


An infinite number of terms is generally required to 
properly describe an air-gap flux function; however in 
practical cases only a few terms may be required. 

For periodic functions having specific symmetries, the 
Fourier expansion is simplified. For example, a function 
that is symmetrical about the vertical axis has only cosine 
terms in its Fourier expansion. A function that is sym- 
metrical about the origin contains only sine terms. (For 
these two cases the origin may be chosen to eliminate 
either sine or cosine terms). 
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Fig. 1. Circuit diagram of a synchro _generator-control 


transformer system. 
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For a function containing only odd harmonics, the 
negative part of the wave, when displaced a _ half-cycle, 
is the mirror image of the positive part. A salient pole 
synchro mmf wave exhibits this latter symmetry and there- 
fore the air gap flux distribution has only odd harmonics. 
A non-salient rotor with a symmetrical winding also has 
this property. As only odd harmonics occur in the induced 
output voltage versus shaft position pattern, even har- 
monics will not be considered. 

It can be shown that in a synchro generator-control 
transformer system there is no third harmonic error. In | 
Fig. 1 the voltages induced in the generator stator cause | 
the currents I,, I,, and I. to flow and establish the control | 
transformer stator field. Since the stator windings are dis- 
placed 120 electrical degrees, the voltages and currents are 
similarly displaced 120°. Representing the currents by 
Fourier series: 




























IT, =I,cos 6+ 13 cos30 






+J];,;cos5¢+---+], cos né 






I, = I, cos (@ — 120) + [3 cos (36 — 360) 











+]; cos (56 + 120) + + J], cosn(@ — 120) 








I, = I, cos (6 + 120) + Is cos (36 + 360) 












Shown actual size 


+ ];cos (5@ — 120) + +- J, cosn(@+ 120) 
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Note that the third harmonic current components are equal 
and in phase, and since the sum of currents at the synchro STANDARD © MINIATURE 
neutral must be zero, by symmetry, the individual current 

components must be zero. This is also true of harmonics COMPUTING DIFFERENTIALS 


whose order is a multiple of the third harmonic. 










The ultimate in precision differentials for computer applications. 





Available from stock in single and double pinion models. Hollow 





INDUCED STATOR VOLTAGES, SINUSOIDAL FLUX DISTRIBUTION 





shaft design and readily interchangeable end-gears simplify 





Consider the salient pole synchro of Fig. 2, having a single field installation and maintenance. 


stator coil spanning 180 degrees. The voltage induced in 
this coil by a sinusoidally time varying current excited rotor, oes Milian: Dediies MA tie Padded ta tow on 13 
rotating at constant speed, will be derived. Air gap flux minutes of arc. End gearing: Completely interchangeable. 
density distribution is assumed to be sinusoidal, as shown 

in Fig. 3, moving along the horizontal axis at a speed 

d@/dt = w, and pulsating sinusoidally with time at an 

angular frequency of w radians per second. The coil sides DESIGN * PROTOTYPING * PRODUCTION 
a, and a, are fixed in space. Flux density can be expressed 

r : ; BY USING REEVES SERVO-MECHANICAL PARTS 


as: 






Specifications: Speed: Up to 10,000 r.p.m. Torque: To 32 

















Computing Differentials are only one 
B= Buti sin wl sin 6, where 6 = w,t (6) product in the COMPLETE Reeves Series 

of high-precision Servo-Mechanical 

Parts, recognized by engineers as an 

The element of flux dd within an angular increment, dé, at industry standard for highest accuracy 
coil side a, is: and reliability. 



















If you do not have the catalog, write 
dh = Birdé for Data File No. 403. 
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= [rB,,,., sin wt sin@d@ cs Pe 






REEVES INSTRUMENT CORPORATION 





where | = axial length of stator and r = radius to air gap 
center. The flux linkage with the N turn stator coil is: 






t Field. Garder ty. New York 
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Multiple Contact 
Connectors 


Designed for aircraft, radar, and 
missile applications. Especially 
suitable for use with printed 
circuit boards or, Plyo-Duct, 
Methode’s flat multi- 
conductor cabling. 


)iethode 










TWO PART 
PRINTED CIRCUIT 
CONNECTOR 

Series MD-1100 and SD-1100. 


Exceed requirements of MIL-C-8384 
and NAS 713, 714, 715 where 
applicable. 





Methode Multiple Contact Connectors are 
designed to alleviate difficulties which are 
usually common with this type of connector, 
using closed entry sockets which may be 
inserted into and removed from the con- 
nector after wiring with simple tools. at ore 
The male connector is available in right 
angle mounting or upright style. 

Available with contacts on 
staggered .100 inch 
centers with polar- ‘=== 
ized mating 
guides. 














RELI-ACON 
FEED-THRU 
STYLE CONNECTOR Series FTD 1500 


These connectors employ a tri-furcated contact which 
withstands extreme vibration. Presently available in 15 
contacts on .100 inch centers for a nominal card open- 
ing of .062 inch. Moisture seal is available about the 
board or cable entrance. 

















Flexible multi-conductor wiring is available 
in Standard sizes from stock or custom > 
patterned to your specifications. /A 







COMPLETE information 


and data are available on 


both of above connector 
fypes write today 


\ LY 

Jethode 
manufacturing 
corp. 





Chicago 31, Ill. 
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Fig. 2. Single stator coil spanning 180 degrees. 
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Fig. 3. Sinusoidal distribution of flux density where the 
full pitch stator coil has a span of x. 


17+ 
N=N | Ir Bnaz sin wt sin 6d6 
6 


= 2N Ir Bnaz Sin wt cos 0 (8) 


The instantaneous voltage is: 


_ ar 
ae 
d = . 
“ae (2N lr Bnaz Sin wt cos 6) 
e= —2NIr w, Bnaz Sin wt sin 6 


+2NIr w Bnaz cos wt cos 0 (9a) 


Note that in (9a) when the angular speed of the rotor w, 
is zero, the first term vanishes showing e to vary sinusoidal- 
ly with @. Conversely when the rotor is de excited, the 
flux density is no longer a time varying function and only 
the first term remains. 

It is of interest to examine the wave shape of the voltage 
given by (9a). Since @ equals w,t, the expression may be 
written: 
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e =2N Ir Bnaz{(cos wt cos w, t) w 


— (sin wt sin w, t) w.] (9b) 


Expanding and collecting terms: 


e=NIr Bmaz W (: + ) cos (w + w,) t 
+ (1 _ *) cos (w — We) | (9c) 


This expression is the sum of two sine waves whose fre- 
quencies correspond to the sum and difference of the exci- 
tation and rotational frequencies of the rotor. This wave 
shape is essentially a suppressed carrier wave with the 
difference that the two side bands have different ampli- 
tudes. 


INDUCED STATOR VOLTAGES, NON-SINUSOIDAL FLUX DISTRIBUTION 


The voltage induced in coil a,-a, when the air gap flux 
density wave form is not sinusoidal will now be derived. 
To simplify the derivation, it should be recognized that 
in accordance with the equation: e = Blv 
for a constant velocity, v, the time wave form of the volt- 
age generated in a coil side matches the space wave form 
of the flux density. 

Since the flux density is not sinusoidal, it may be rep- 
resented by a Fourier series. The flux density at any in- 
stant is: 


B = sin wt[B: cos 6 
+ B;cos36 + Bs cos 56 + B; cos76 
+---+ B, cos né] (10) 
The zero axis is chosen so that there are only cosine terms. 
It is assumed that only odd harmonics exist. Substituting 
(10) into (7), we obtain: 


d¢=Birde 


= Ir sin wt > Bn cos m6 dé 


m==l+ 3+ § 


(11) 
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Fig. 4. Sinusoidal distribution of flux density ‘where the 


coil span is reduced to less than 80 degrees which is re- 
ferred to as chording. 
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and the flux linkages with coil N are 


\=NIr sinwt 


is 
ia J, B,, cos m6 dé 


m=1+ 3+ 5 


n 


y 


m=1+ 3+ 5 


=2NIr sinwt ——— sin m0 
m 


The induced voltage is: 


Af 7 
ae” 2N ty? 


B,, e c 
sin wt —— sin m@ (13) 
m 


m=1+ 3+ 5 


dd 
ae 


Evaluating (13) and recalling that d@/dt = w., we find: 


e=2NIr gS sin wt a B,,, cos mé 


m=1+ 3+ 5 


7. 
+ wcos wt 3 any sin m | (14) 


m==l+ 3+ 5 


In (14) as in (9) the induced voltage includes two 
terms: one dependent upon rotor velocity w., and the 
other on excitation frequency. The first term contains the 
space harmonics of the flux density wave transformed to 
time harmonics by the rotor rotation. The voltage due to 
the second term, when considered as a function of time 
alone, contains no harmonics other than any that may be 
present in the rotor excitation current. To transmit intelli- 
gence, the ouput voltage must be considered a function 
of @ as well as time. If you assume that the rotor is turning 
slowly, so that w, << w, then the first term of (14) may 
be ignored. Ideally, the output voltage should vary si- 
nusoidally with @ as in (9a) but as indicated by (14) 
the output departs from the ideal due to the space har- 
monics of the flux density. It will be shown in a later 
section that the techniques used to reduce the time har- 
monics present in the first term of (14) also reduce the 
space harmonics in the second term. 

In an actual synchro stator instead of a single coil span- 
ning 180 electrical degrees, there are three sets of coils 
symmetrically located 120 electrical degrees apart. In each 
coil set, the pitch (or coil span) of the individual coils and 
the number of turns may be adjusted so as to suppress the 
harmonics present in the air gap. This leads to an im- 
provement of the generated voltage versus angular posi- 
tion function. 


CHORDED WINDING—SINUSOIDAL FLUX DISTRIBUTION 


In the preceeding section, it was shown that all of the 
harmonics in the air-gap flux density wave will appear in 
the induced voltage of a stator coil spanning 180 electrical 
degrees (generally called a full pitch coil). The effect of 
reducing the coil span to less than 180 degrees, called 
chording, will now be investigated. 

Refer to Fig. 4 where the stator coil a,-a, now has a 
span of q@ instead of z electrical degrees as in the full pitch 
stator coil. The flux density wave is sinusoidally distributed 
around the air gap and is pulsating sinusoidally with time. 
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TECHNIQUES 


it is represented, as before, by the expression, 
B = B,,,x sin wt sin 0 
Flux linkages with the coil a,-a, are: 


Oia 
H=WN / Lr Bmaz sin wt sin 0.049 
0 
— — NIr Bye sin wt 


[cos (6 + a) — cos 6]. 
Using the trigonometric relation 


cos x—cos y = —2 sin 12(x 
(15) becomes: 


-y) sin ¥42(x—y) 


\=2NIr Bnaz sin wt 


2 a : 
sin —— (20 + a) sin -(a) 


] 
2 2 


The voltage induced in the coil is: 


dX d 
e = - = 


SY ieee 


7 
‘ a > a 
cin (0 +—2-) sin 9 | 


=2NIr Bnazsinwt 


— a 
sin eos (0 oo ) w,, 
2 F- 


+2NIr »Baz cos wt 


sin - sin (0 + - 2) w (17) 


This is similar to the expression for the voltage induced 
in a full pitch coil except for the factor sin @/2 which 
appears in both terms of (17). This factor reduces the 
amplitude of the induced-voltage and is referred to as the 
chording factor or pitch factor. The angle a@ is measured 
in electrical degrees. For a full pitch winding, a will be 
180° and the pitch factor will be equal to unity. Thus, 
the chording of a winding, when the air gap flux is si- 
nusoidally distributed, reduces the amplitude of the in- 
duced voltage. 


| 2 NIr Byaz sin wt 
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Fig. 5. The effect of chording. Two sides of a short pitch 
coil are always cutting the fifth harmonic flux in the 
same direction. Thus the voltages induced in the two coil 
sides are equal and opposite and no- net harmonic voltage 
results. In a similiar manner the chording required to re- 
duce other harmonics to zero can be determined. Frequently 
the coil pitch is chosen to partially reduce two trouble- 
some harmonics. For example, a pitch factor of 0.8 elimi- 
nates the fifth harmonic and a pitch factor of 0.857 elimi- 
nates the seventh harmonic. Chording somewhere between 
these two values will reduce both harmonics considerably. 





Fig. 6. One pole of a stator winding group with four coils and with the same number of turns in each coil. 
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CHORDED WINDINGS—NON-SINUSOIDAL FLUX DISTRIBUTION 


When the air gap flux density distribution is non-sinusoidal, 
the flux linking the stator coil can be represented by the 
expression: 


Bn cosmé dé (18) 












This is adapted from expression (11). 
with the coil is: 


The flux linkage 


= Nir sinwt >, 


m==l> 3+ 5 
64a 


B,, cos mé d@ 
7] 


Ga B.. 
= Nir sinwt > —-— 
m 


m=l1+ 3» 5 


{sinm (0 + @) —sinm @] (19) 


Using the trigonometric relation: 


sin x — sin y = 2sin 4 (x =y) cos 4 (x+y) 


Yn > 


P = POLES 
S =SLOTS 
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Fig. 7. Vector diagrams for the (a) fundamental harmonic and :(b) fifth harmonic in the case of distributed windings. 


WHERE n= HARMONIC 


DISTRIBUTION FACTOR ~ GAB 
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Fig. 8. Concentric winding with nine slots per pole and four 
coils per concentric group. 


the flux linkage becomes 


\=NlIr sinwt pF 
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m=1+ 3+ 5 


. ma m 
sin  % cos (mo + a) (2u) 
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WHERE g=NUMBER OF 
COILS IN WINDING 
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TECHNIQUES 


ind the voltage induced in the coil will be: 


oy te =) re v 2 Bn 
far Nli sin wt 7) = 


m=1+ 3.5 


. ma ma 
sin ~— cos (mo + 4 


n 


— , . ma 
=— ly lr sin wt ¥' B,, sin —— 
— 2 


m=1> 3: 5 


sin (mo + aay W, 


4 1 OB, 
oe E lr cos wt p nee 


m 
m=l+ 3+ 5 


sin = cos (mo + Cray w (21) 


Both terms of the expression above are reduced by the 
factor sin ma/2; called the Chording factor (CF) or Pitch 
Factor. It can be chosen so as to discriminate against an 
undesired harmonic. For example, consider the fifth har- 
monic of the induced voltage: 


e, = —2NIrsinwt B; 


«), 
2 o 


, 0a = a 
sin —5— cos 5 (4 ee ) w (22) 


‘ a 


As! oa 
sin —— cin5(o + 


+2NIr sin wt 2s. 


If sin 5a@/2 is equal to zero the fifth harmonic voltage 
will be zero. Therefore let sin 5a/2 = 0 and solve for a: 
sin 5a@/2 = 0 
5a/2 = ka where k is an integer 
a = 72°, 144°, 216° etc. 

In order to induce a high effective voltage in the stator 
coil, the span must be close to 180 electrical degrees. 
Therefore the value chosen for @ is 144°. The chording of 
the winding is 144/180 = 0.8. As an example of the use 
of the chording factor, consider a typical two pole, 15 
slot synchro stator. The span for a full pitch winding is 
74 slots, or x electrical degrees. To reduce the fifth har- 
monic, the winding is chorded by a factor of 0.8 making 
the coil span 6 slots. The effect of chording is shown 
graphically in Fig. 5. 


DISTRIBUTED WINDINGS 


Thus far, to simplify the presentation, the stator windings 
discussed consisted of a single coil. Windings of more than 
one coil will now be considered and it will be shown 
that the manner of distributing the winding in the stator 
slots can be effective in reducing the harmonic content of 
the induced voltage. 

Consider a stator winding group consisting of four coils 
per pole with the same number of turns in each coil. The 
coils for one pole are shown in Figure 6. To find the 
total voltage induced in this coil group it is necessary to 
take into account the space displacement between coils 
as this introduces a phase angle difference between the 
individual coil voltages. The voltage induced in each coil 
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is represented by a coil vector. This is a vector per- 
pendicular to the plane of the coil, passing through the 
rotor axis, and with length proportional to the amplitude 
of the induced voltage. 

Figure 7 shows that the resultant of these voltages is 
less than the sum of the individual coil voltages. The 
distribution factor is defined as: 

DF = Amplitude of resultant voltage of a coil group 
divided by the arithmetic sum of the individual coil volt- 
ages. 

The distribution factor is therefore an amplitude reduc- 
ing factor taking into account the phase difference be- 
tween the individual coils of a winding. From the con- 
struction in Fig. 7a the distribution factor is: 


—- wae 
sin —~—— 
2 
DF = ———— (23) 
q sin —— 
where q = no. of coils in series 
Yy» == angle between coil vectors. 


y depends upon the total number of slots and poles in the 
stator and is expressed in electrical degrees. As there are 
180 electrical degrees per pole the value of y is: 


anP 
y= a (24) 
where n = harmonic 
P = number of poles 
S = number of slots 


The distribution factor for each harmonic may differ be- 
cause the value of y is a function of the harmonics under 
consideration. Fortunately, in most practical applications, 
the distribution factors are such that the harmonics are 
reduced much more than the fundamental. An illustrative 
example will bring this out. Assume that the value of y 
is 20 electrical degrees. From (23) and (24) the distribu- 
tion factor for the fundamental is: 


4 20 
sin —~— 

2 sin 4u 
DP) a = 0.097 
(DF); 0 ~ dsnio ~ °°” 

4 sin a 


_ 
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Fig. 9. Sinusoidal turn distribution of a concentric winding. 
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The same result can be obtained directly from the coil 
vector diagram of Fig. 7(a) and the definition of the 
distribution factor (23). 


2 Zs : 3 
2QN cos— + 2N cos —” 





4N 
cos 10° +- cos 30° 
= 0.927 





2 


N = Turns/coil 


For the 5th harmonic, the coil vectors will appear as in 
Fig. 7(b) and the distribution factor from (23) 


and (24) 


, 4X 100_ 


—sin 20 
“twas "ee 


Working directly from the vector diagram: 


2 sf — s 
(DF). 2N cos 50 Wa aN cos 30 


— 0.112 


In the above example, the 5th harmonic is reduced much 
more than the fundamental. It is apparent that if the re- 
sultant of voltages V, and V, are made equal to the re- 
sultant of voltages V, and V., the 5th harmonic will be 
zero. Since the voltages induced in these windings is pro- 
portional to the turns, the harmonic can be eliminated by 
properly varying the turns. The distribution factor for the 
5th harmonic is: 


(DF); = 
vy 
cos = 


3 
(Na+Na) cos + (No+Ne) 
NotNot+Net+Na 





Let N, = N, and N, — N., then for (DF), to be zero: 


a 


—_ N, cos 3 
oo 742 N, 


If the turns in coils N, and N, have 0.742 times the 
turns in coils N, and N, the 5th harmonic is zero. Re- 
ducing the turns in these coils will change the distribu- 
tion factor for the fundamental and it mus! be recalculated: 


(DF); 


N, cos— 


. 3v Y 
2 (.742 Nz) cos —>7 + 2Necos os 
“4N, 





.742 cos 30 + cos 10 
2 





= 0.814 


WINDING CONSTANT 


In the preceeding two sections the effects of chording and 
distributing the coils of a winding have been discussed 
separately. Consider now a winding having several chorded 
coils distributed in several slots as shown in Fig. 6. The 
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Fig. 10. Fractional slot windings. 
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Fig. 11. Distribution factors of fractional slot windings. 
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\oltage induced in this group of coils will be reduced by 
two factors—the chording factor and the distribution factor. 
The product of these two factors is called the winding 
factor K, and is defined as the voltage induced in actual 
winding divided by the voltage induced in a full pitch 
coil of same total turns. 







| 
na an 
2 


Ky =CFX DF =sin 2. ——— 







The winding constant has special significance when work- 
ing with concentric windings, 

A concentric winding is an array of coils having different 
spans but located on a common axis of symmetry, as in 
Fig. 8. A concentric winding in which the turns of the 
individual coils are sinusoidal functions of their relative 
angular position suppresses all but the slot harmonics 
(slot harmonics are described in the following section). To 
the writer's knowledge there is no published proof of 
this statement, although AITEE Paper 54-366 by Berman, 
Farmanfarma, and Schinzinger, entitled Space Harmonics 
Generated by Concentric Windings, shows, that for certain 
concentric windings, all except the fundamental and slot 
harmonics of the mmf wave are zero. 

In a concentric winding, no phase difference exists be- 
tween the fundamental voltages induced in the individual 
coils because all have a common center; therefore the 
coil voltages may be added directly after determining the 
attenuation due to chording. For a concentric winding 
with q coils, the induced voltage will be a function of the 
turns and the chording factor of each coil: 


















, wXige MO. s y .», Sle. , 
e=K ( N, sin 2% t+- N, sin—5— + 


et 
———-+N, sin a 


and winding constant K,, of the concentric winding is: 





(26) 






ee na i. NQs 
N,sin ve ~ + N2sin aa Wat4 


K 
ee .. 






Nit Ni+---+ Ne 
i ie 
---+ N, sin » 
——————————— 27) 
Na + Nat -~ te 





Consider the concentric winding of Fig. 8 in which 
there are nine slots per pole and four coils per concentric 
group. If the turns are distributed sinusoidally, as shown 
in Fig. 9, there will be 34.6% of the total turns in coil 
N,, 30.6% in N., 22.7% in N; and 12.1% in N,. Substituting 
in (27); for the fundamental only: 









(Kw), CSS6.N ein ee 0.306 N sin 60° 


+ 0.227 N sin 40° + 0.121 N sin 20° 


N 











where N = N, + N,+N,-+N, 
(K,), = 0.793 





Solving the above: 
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For the 5th harmonic: 


(K,,.); = 0.341 sin 400° +- 0.306 sin 300 
-+- 0.227 sin 200° +- 0.121 sin 100 0.005 
For the 7th harmonic: 
(K,,); == 0.341 sin 560 0.306 sin 420 
-+- 0.227 sin 280° +- 0.121 sin 140 0.005 


The winding factor for higher harmonics can be found 
in the same way. The example demonstrates harmonic 
attenuation of a sinusoidally distributed concentric wind- 


ing. 


SLOT HARMONICS 


There are certain harmonics caused by flux pulsations due 
to permeance changes at the slots. These harmonics have 
the same chording and distribution factors as the funda- 
mental and therefore are not attenuated by chording or 
distributing the winding. They are termed slot harmonics 
because they are a function of the number of slots per pole: 


(28) 


where S = number of slots 

P = number of poles 
The distribution factor was given previously by expres- 
sion (23) as: 


Ayn 

wm —-p— 

DF = ———— 
™ Yn 

q sin ~>- 


and y, by (24) as: 


Substituting (24) into (23) for the fundamental: 


“ _qrP i 

sin 3S 

(DF), = —— 
g sin — S - 


substituting (28) into (24): 


2 IS P 


aP 
8 


and the distribution factor for this harmonic is the same 
as that of the fundamental. 
The chording factor is given by the expression: 


CF = sin a/2 


PS, «.; : 
where a =—™—"2_-; S, is the coil span in slots. 29) 
AR 
For the fundamental (n = 1), expression (29) is: 


dD 
7 ‘ es 
(CF), = sin 74%: 
9S 


_ 


















and when n = (2S/P) +1 the angle a is: 


Since S, is an integral whole number, the chording factor 


is the same as that of the fundamental. 


Slot harmonics can be reduced by skewing either rotor 
or stator equivalent to 360 electrical degrees of the har- 
monic wave. Then a voltage induced in a coil side ele- 
ment of length is cancelled by the voltage in another ele- 
ment lying under an equal and opposite flux density. For 
example, in a nine slots per pole winding the slot har- 
monics are the 17th and 19th. A P pole machine has 
Px electrical degrees and the nth harmonic has nzP 
electrical degrees. To reduce the nth harmonic, the required 
skew is: 


Qa “id 
Skew Angle = are * 360° = 


2360" (30) 
nP 
Since n = 2S/P +1, to reduce both slot harmonics let 
n = 2S/P. The skew angle is then: 


Skew angle = 360°/S 


This is the stator slot pitch in electrical degrees. Therefore 
to reduce the slot harmonics the stator (or rotor) should 
be skewed one stator slot. 


FRACTIONAL SLOT WINDINGS 


The windings discussed thus far all have an integral num- 
ber of slots per pole per phase and the winding is the 
same for each pole. A fractional slot winding has a frac- 
tional number of slots per pole per phase. The advantage 
of this winding, in a synchro, is a more finely distributed 
winding with a significant improvement in harmonic re- 
duction. 

The combinations of slots and poles which may be used 
for fractional slot windings are restricted because synchro 
stators usually have balanced three phase windings. Two 
conditions must be satisfied: 

a) . The slots per pole per phase cannot be an integer. 

b) When the slots per pole per phase is reduced to a 

fraction in the lowest possible terms the denominator 
cannot be a multiple of the number of phases. 

The graphical method of laying out a fractional slot 
winding is best explained by example. Refer to the nine 
slot stator shown in Fig. 10(a). Assume a two pole, 
three phase winding is to be inserted; the slots per pole 
per phase 9/3x2 = 3/2 and conditions stated above 
are satisfied. To layout the winding, a star is constructed 
with a vector for each slot as in Fig. 10(b). The vectors 
below the horizontal are reversed and made negative vec- 
tors, as in Fig. 10(c). The first three vectors become the 
slots for phase I, the next three become the slots for 
phase II and the last three, phase III. Minus signs indicate 
the coils inserted in these slots are connected in reverse 
fashion to the others. Note that phase III is negative and 
can be made positive by shifting it below the horizontal. 
The pitch of the coils is determined and the winding dia- 
gram drawn. Fig. 10(d) shows the insertion of phase I. 
Note that the current is positive in slots 1 and 2 and is 
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reversed in slot 6. The distribution factors for the fund: 
mental, fifth, and seventh harmonics are shown in Fig. 1] 
The angle between coil vectors for the fundamental is 20 
electrical degrees. Ordinarily for a nine slot two pole ma 
chine this angle would be: 

y = 7P/S = 180 & 2/9 = 40 electrical degrees 
Thus this fractional slot winding has the same distribution 
factor as an 18 slot integral winding. 

One additional point should be made about fractional 
pitch windings. Since these windings are not symmetrical 
with respect to each pole they do not reject even har- 
monics. It is therefore necessary to insure that the oppos- 
ing magnetic member is insensitive to even harmonics. This 
is true of most synchro rotors. 7 = oe 











Time-Speed Recorder 


Graphic recording instrument helps spot hidden trouble in 
machine operations and processes by timing short duration 
events to millisecond accuracy, even at slow chart speeds. 
Known as the Annis Time-Speed Recorder, it is said to be 
the only instrument of its type for monitoring automated 
operations that provides split second timing along with “time- 
of-day” information. Time markings along the edge of the 
chart show time of day any event occurs while sweep of the 
recording pen across the chart displays duration of the event. 
Timing is accomplished by closing or opening an electrical 
control circuit. Standard chart speeds of 34”, 114”, 3”, 6”, 
and 12” per hour and per minute are provided. Special charts 
for measuring speed (as an inverse function of time) are 
also offered. R. B. Annis Co., Indianapolis 2, Ind. 
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JOINING COPPER PARTS 


Electrical & Thermal Conductivity 
Enhanced In Bond Without Interface 


Exploring new ways to use copper base 
materials, Chase Brass & Copper Co., 
Waterbury, Conn., has devised a new 
technique for joining copper to copper 
and certain alloys to copper. Cost 
savings, easier production methods and 
improved performance are among the 
chief advantages. 

In the Chase process two or more 
copper components can be joined to- 
gether with a homogeneous’ bond 
which is as strong as or stronger than 
the base metal. A special coating on 
the metal surface diffuses into the 
parts to be joined and under proper 
conditions produces a bond without 
an interface. Joints made in this man- 
ner retain virtually all of the high elec- 
trical and thermal conductivity of cop- 
per. 

The new technique will also pro- 
vide substantial savings in some ap- 
plications where costly joining materials 
have heretofore been used. For ex- 
ample, major elements of advanced 
electronic equipment for radar, mis- 
siles and space satellites incorporate 
complex assemblies of copper which 
cannot be made properly with common 
low cost joining techniques. It is antici- 
pated that the diffusion bonding process 
will be particularly useful in applica- 
tions of this type wherein joints must be 
vacuum tight, free of high vapor pres- 
sure constituents and capable of oper- 
ating at elevated temperatures. 

Tests on diffusion bonded joints have 
shown them to be markedly superior to 
soft soldered joints in respect to ten- 


MARCH 1961 





Fig 1 Diffusion bonded assemblies illus- 
trate the joining of two parts where only 
the surface of one has been coated. The 
strip surface was coated with the bonding 
agent, but no coating was applied to the 
edges. These are edge-to-surface joints. 
Strip used in assembly at left is 0.005 of 
an inch thick. Strip used in assembly at 
right is 0.025 of an inch thick. The in- 
tegral coating makes it unnecessary to 
apply the joining material by any of the 
conventional methods. This may make it 
more practical to automate joining opera- 
tions. 


sile, shear and fatigue properties. Cor- 
rosion resistance in many media is also 
expected to be appreciably higher. 

According to Mr. Glenn P. Bakken, 
President of Chase, three methods for 
making diffusion bonded joints have 
been developed. The first method per- 
tains to application of the special coat- 
ing to a copper mill product or fabricated 
part prior to joining by diffusion bond- 
ing. In the second method, at least 
one of any two components to be joined 
is made of copper strip coated prior 
to final rolling. In the third method 


an insert made of thin gauge, pre- | 


coated strip, coated on both sides, is 
used to join any two components made 
of uncoated copper strip or other mill 
form. Thus the Chase process provides 
a high degree of flexibility since one of 
the three methods may be more. ad- 
vantageous than the other two in any 
given application. 

Possible fields of application for the 
process include motors, generators, 
transformers, switchgears, relays, control 
equipment, electronic tubes, high fre- 
quency power generators, microwave 
devices, semiconductors and heat ex- 
changers. 

Chase welcomes inquiries from those 
interested in the process; experimental 
size samples and literature are available. 
Write No. 184 in Box on Inquiry Card 








DOUBLE YOUR 








PRESENT MARKET! 


The “outer” seven and “inner” six 
European countries represent a 
market potential, the size of 
America, for electromechanical 
manufacturers. Yet only one out 
of twenty U. S. companies do 
business there! Why? 
The need and demand for top- 
quality U. S. products are there. 
The customers and the industry 
are there too. 
And ample resources by European 
buyers are there. 
Why, then, are not more U. S. 
manufacturers selling the Euro- 
pean market? 
The answer is simple — MAN- 
POWER — the experienced, 
proven, top salesmen that know 
technical products and know the 
European customer too. Just as 
here at home, where your sales 
force spells the difference failure 
and success in your company, in 
Europe it is even more so. 
MARKETING is a_ specialized 
science in Europe — you need not 
only good salesmen, but you have 
to know your market, know your 
product, and know your custo- 
mers. 
And to. build this sales organiza- 
tion in Europe, you need 
ONE KEY MAN there, to set up 
the sales force, train it, 
One man to take the entire mar- 
keting responsibility for your or- 
ganization in the European mar- 
ket. 

I AM THIS MAN. 
Technically educated and_busi- 
ness oriented, I have years of ex- 
perience in selling technical 
products in the US and in Europe. 
I speak the salesmen’s language 
in English, French and German. 
And I know what management 
wants, . . . a high sales volume 
with a good profit margin in 
Europe. I will take the entire 
responsibility from setting up 
your organization there to pro- 
ducing a satisfactory sales volume, 
in the least amount of time. 

I COST $25,000 per year for full 
time services plus a bonus for a 
job well done. 

Write to me confidentially — I am 
now in the U.S.A. — tell me what 
you have in mind; you will have 
an answer in three days. We can 
discuss details in person. 

Write Box 222 

c/o Electromechanical Design 


167 Corey Rd. 
Brookline 46, Mass. 
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ANSWER: 
THE NEW BRISTOL 
TRANSISTORIZED 
SERIES #317 MOTOR 




















































































Typical Bristol performance. A specialized answer for a special- 
ized problem. Designed for use in aircraft anticollision beacons, 
the Series #317 eliminates brushes and governor to do away with 
undesirable radio noise and increase reliability. The problem was 
solved, the price was right. One more example of Bristol's proven 
ability to apply a unique combination of skill, experience and 
production facilities to any design, cost of production problem 
you may have. Bristol engineers may find your answer by modify- 
ing a current Bristol standard, by varying voltage, shaft length, or 
providing shift and brake action. Or they may design a completely 
new synchronous timing motor specifically for your needs. Wher- 
ever the answer lies, Bristol will find it . . . quickly, efficiently, 
economically. Write now for catalog No. 160, or ask for the 
Bristo! representative in your area. 






















Division of Vocaline Company of America, Inc., Old Saybrook, Conn. 
Dept. ED-3 
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TECHNIQUES 


20 MILLIONTH BALL BEARINGS 


New Manufacturing and Gaging Techniques Produce 
10-fold Advance in State-of-the-Art. 


. . Industry is being forced back into the medieval con- 
cept of hand craftsmanship. . . Time-honored procedures 
cannot provide the ultra-precise gaging that will permit 
mass production with interchangeability of parts so essen- 
tial in modern industry.” 

These remarks, taken from a National Bureau of 
Standards Summary Technical Report covering recent 
Measurement Research Conferences between measurement 
specialists from industry and NBS, summarize opinions 
expressed at June meetings in Washington which dealt 
with measurement of internal diameters and surface flat- 
ness and finish. 

During the meetings it was pointed out that inertial 
guidance systems and other developments such as gas 
bearings require extremely close tolerances which are di- 
rectly related to product function. 

The problem of noisy gyros was given as an example. 
This type of faulty operation is believed to be associated 
with surface finish characteristics, since changing bearings 
or other frictional surfaces usually corrects the difficulty. 
With existing standards and techniques, the experts said, 
surface characteristics can not be measured with sufficient 
accuracy to eliminate defective components prior to as- 
sembly. Such trial and error methods are extremely costly 
and time consuming. 

This need for ultra-precise gaging, brought into sharp 
focus by these NBS-Industry Meetings, was anticipated by 
the MIT Instrumentation Laboratory back in 1956 when 
they initiated a program with the Barden Co. to advance 
the state-of-the-art in bearing accuracy by a factor of 10. 
Barden now announces successful completion of this pro- 
gram. They have developed ultra-precise manufacturing, 
gaging and quality control procedures for volume produc- 
tion of bearings with 14 vital dimensions held within 20 
millionths tolerances. 


MANUFACTURING TECHNIQUES 


To meet the specifications set by MIT, Barden created 
a team comprising research, development, manufacturing 
and quality control specialists. After analysis of the prob- 
able factors involved, they concluded that solution to the 
problem lay in radically new production and gaging meth- 
ods, rather than in refinement and extension of standard 
manufacturing and quality control instrumentation. 

® Early in the program, Barden engineers established three 
objectives: New methods of chucking or holding parts 
during critical grinding operations would have to be 
evolved since bearing rings reproduce the pattern of their 
supports to some extent. 

© Stresses would have to be relieved after rough grinding 
operations and the creation of new stresses would have 
to be minimized by removing very small amounts of stock 
in the final grinding and lapping operations. 

® Machine-driven gages would have to be developed for 
measuring critical dimensions since measurement of mil- 
lionths of an inch requires elimination of operator-induced 
errors. 

All of these objectives, were accomplished. 
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A group of outer rings is lapped to refiine roundness, taper and 
size. Generating close tolerances by centerless means is a 
principle used throughout 20-Millionths bearing production. 


Bore honing machine developed by Barden engineers uses hone 
mounted on universal joint and gimballed work holder for 
inner ring. Design permits honing inner ring bore to .000020 
inch tolerance and near-perfect roundness, yet preserving 
squareness of bore to ring face which is accomplished in 
previous grinding operation. Inner ring (shown in center of 
innermost gimbal) is held in place by face clamping nut (in 
operator's hand). A hand crank lowers machine table to 
operating position where the hone enters the ring, then rotates 
and reciprocates within fixed limits. 
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You Get Things Done Better 
By Seeing What’s Happening 
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BOARDMASTER VISUAL CONTROL 


%& Gives Graphic Picture of y& Easy to Use. Type or Write 


Your Operations in Color. 


% Facts at a Glance—Saves 
Time and Prevents Errors. 


% A Simple, Flexible Tool—Eas- 


on Cards, Snap on Board. 
% Ideal for Production, Sched- 

uling, Sales, Inventory, Etc. 
% Compact, Attractive. Made 











ily Adapted to Your Needs. of Metal. 500,000 in Use. 


Complete Price $4950 Including Cards 


FREE 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
CIRCLE NO. 31 ON INQUIRY CARD 


HEAVY DUTY 


24-Page ILLUSTRATED BOOKLET AK-40 
Without Obligation 








Available in all standard 
voltages up to 115V 
BD. 


May be energized con- 
tinuously, but ON and 
OFF cycle should not 
exceed 6 per minute. 
Model SL, which is illus- 
trated, has a pull of 10 
Ibs. over %2” stroke, 
weighs 214 Ibs. Other 
models with 1” and 
1%” stroke are avail- 
able. 


All units have been completely redesigned and are ca- 
pable of providing in excess of two million operations. 
Their splash-proof construction makes them ideal for 
operating engine throttles, chokes, small clutches, valves, 
etc. For further information write for Bulletin 505A. 


SYNCHRO-START PRODUCTS, INC. 
8151 N. RIDGEWAY AVENUE, SKOKIE, ILLINOIS 
CIRCLE NO. 32 ON INQUIRY CARD 
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INNER RING tolerances gaged and documented for 20-Millionths bearing program 
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Actual traces of tolerances for inner ring #11D and outer 
ring #7D which were mated with balls and retainer for 
completed bearing #248 that met or bettered all speci- 


In the procedure for volume production of the bearings, 
inner and outer rings are rough formed in automatic bar 
spindle machines, by standard Barden precision methods. 
After secondary machining operations, the parts move to 
heat treating and grinding. Rough grinding tolerances for 
20 millionths parts are 1 to 2 ten-thousands of an inch, 
the same as finish grind for standard superprecision bear- 
ings. Upon completion of this grinding cycle, 20 millionths 
parts receive additional heat treatment and are processed 
again through the standard manufacturing steps, this time 
on special grinding and lapping machines tooled and tuned 
to bring the vital tolerences within the 20 millionths limit. 

The oil-impregnated phenolic retainers also get special 
treatment because they serve not only as ball separators 
but as lubricant sources. The charge of lubricant they 
carry is only a few milligrams of oil, but this must suffice 
for thousands of hours of service since it is impossible to 
relubricate the bearings once they are installed in a com- 
ponent that is sealed in a housing and placed in the depths 
of a complex guidance mechanism. 

Standard boring and deburring procedures are used for 
early manufacturing stages of the retainers, but to toler- 
ances far finer than those for standard superprecision bear- 
ings. Following dimensional gaging they are examined 
and further deburred under microscopes. Then they are 
checked to see that oil absorption and bleedout character- 
istics are within the limits imposed. 

In keeping with the fundamentals originally outlined 
for the program, Barden designed and developed a whole 
new group of special gages for the 20 millionths program, 
making use of motor drives and recorded readouts. 

Since heat of the hand and variations in operator hand 
pressure influence readings presented in millionths of an 
inch, gaging of parts after grinding operations is done by 
power-operated gages. Gage readings are recorded on 
calibrated charts so that there can be no question about 
interpretation of meter readings. 

Whereas cleanliness is a guiding principle in the manu- 
facture of parts, finishing operations require fanatical at- 
tention to cleanliness. All final operations, assembly and 
packaging are carried on in a specially equipped clean 
area. After each operation, parts are spray-washed and 


scrubbed. 
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fications. These, with Talyrond traces and torque trace, 
together with a complete tally of all critical dimensions, 
accompanied the finished bearing when it was shipped. 





Just prior to assembly, the finished inner and outer rings 
are gaged and sorted according to differences of a few 
millionths of an inch within the overall tolerance. Balls 
are also classified according to size. An inner ring, outer 
ring, retainer and balls, all of matching dimensions, are 
assembled to form a 20 millionths ball bearing. 

Upon assembly of the bearing, actual contact angle is 
measured, a step required for 20 millionths bearings since 
contact angle is extremely critical for proper bearing opera- 
tion. 

Slow speed running torque of the assemblied bearings is 
checked on the Torkintegrator, a device developed by 
Barden for precise measurement of the force required to 
overcome internal bearing friction. A Preload Gage, an- 
other Barden-developed instrument, measures stickout of 
inner ring to outer ring under a specified thrust load, a 
dimension furnished as part of the documentation of the 
bearing. 

After passing these final tests, each completed bearing 
is reimpregnated with the precise quantity of oil needed 
to make up for the amount lost in retainer testing and 
bearing cleaning. Placed in a heat sealed polyethylene 
envelope, then in a sealed foil bag, the bearing is ready 
for shipment to the customer. In all, there are more than 
100 manufacturing and assembly operations and nearly as 
many inspection steps during production of a single 20 
millionths bearing. 

Each bearing is numbered serially, as are its inner and 
outer rings. When shipped, each bearing is accompanied 
by the compilation of actual recorder readings on inner 
and outer rings, as well as the completed bearing, as evi- 
dence of compliance with dimensional and functional speci- 
fications. A separate tally sheet lists the critical dimensions 
for inner ring and outer ring to the nearest five millionths 
of an inch. All these dimensions usually have variations 
less than the allowable 20 millionths maximum, many of 
them being accurate to 10 and even 15 millionths. Balls are 
controlled to 3 millionths of an inch. 

Duplicates of the bearing records are maintained at 
Barden to enable the manufacturer and the user to check 
the “case history” of every individual 20 millionths bearing 
installed in inertial guidance gyros. 


Write No. 226 in Box on Inquiry Card 
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DIFFERENTIAL 


OTHER PRODUCTS: SYNCHROS RESOLVERS SERVO MOTORS MOTOR GENERATORS 
INTEGRALLY GEARED UNITS INDUCTION GENERATORS DRAG CUP MOTORS 
SYNCHRONOUS MOTORS “PERMANENT MAGNET GENERATORS VELOCITY AND 

INERTIA DAMPED UNITS . . . AND SPECIAL DESIGNS. 


KOLLSMAN MOTOR CORPORATION 
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PACKAGE ENGINEERING 


New Look In Nameplates 
and Panels 





“The average scientific or engineer- 
ing instrument, after a period of time, 
looks like a piece of well-worn junk. 
Most instruments are made such that 
they cannot easily be dusted, polished 
or maintained; moreover nameplates 
become loose and panel markings fade 
or abrade.” Having made this state- 
ment, Mr. H. Wilbur Mitchell, Director 
of Research and Development, set 
about to prove it by exhibiting some 
of the instruments in Anodyne’s R & D 
Lab at North Miami Beach, Fla. Ano- 
dyne has been developing a panel pro- 
cess for the past six years that would 
look just as good after twenty years 
of use as it did the day it was built. 
Eugene Turney, Anodyne’s President 
has long felt that the nameplate, in 
effect, functioned as a small corporate 
image, reflecting the maker’s design 
and judgment. For the most part, he 
feels, interior design and packaging 
receives 99 percent of all design atten- 
tion; the exterior package, including 
panels and nameplates, is usually the 
last item considered in overall equip- 
ment packaging. 

Anodyne has come up with what 
they consider to be an entirely new 
concept of ‘anodizing. Their process, 
called “LISDIDE”, a live steam, direct 
dye process produces a fully insulated 
panel incorporating up to ten colors 
that can be arranged to indicate func- 
tions of switches, potentiometers, con- 
trols or any other types of markings 
required by a manufacturer. In con- 
trast to engraving, silk-screening, filling 
with various paints or baking processes, 
Anodyne’s new process is permanent 
since what is created on the surface of 
the aluminum is AL,O,, a true synthetic 
sapphire substance. The finish is pro- 
duced on anodized aluminum sheets 
or on the aluminum housing or case of 
the instrument in thicknesses up to 
15 to 20 microns thick for durability 
and weather corrosion resistance. The 
process is applicable to aluminum of 
any alloy type and on sheets as thin 
as 3/1000th of an inch. 

Mr. Turney pointed out that Anodyne 
prefers to design an entire front panel 
for manufacturers, incorporating their 
requirements. Anodyne’s engineers 
prefer to specify and select type face, 
control line ligaments and the gradua- 
tions and width of scales appearing 
on the panels. Their method of trans- 
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Typical panel, for an instrument, made by Anodyne’s new process. Color 
and markings on the panel are fast and permanent because of embedment 
in coating of 15-20 microns of aluminum oxide, a true synthetic sapphire 


finish. 


ferring this information to the panel 
involves a photographic procedure that 
controls the information on the panel 
with micrometer precision. 


EMPLOY THE HANDICAPPED 


Anodyne’s plant in North Miami 
Beach, Fla., is brand new and is one 
of the first plants built specifically to 
employ handicapped persons. Mr. 
Turney freely admits that although em- 
ploying the handicapped is one of his 
pet philanthropies, he has a selfish rea- 
son for doing so: he gets a_ better 
product. There is, perhaps, no better 
way of expressing Mr. Turney’s senti- 
ments than to quote his statements as it 
came off our interview tape: 

“There are no handicapped people; 
just people who find difficulty getting 
positions and so when they do, they 
become craftsmen. These people love 
to work and, when they become self- 
sufficient, are anxious to get back to 
work tomorrow and do a better job 
than they did today. This attitude on 
their part reflects itself in the products 
we ship to our customers. It also re- 
flects itself in output, for we ship 21 
percent more for the same eight hours 
than we would ship with a non-handi- 
capped production line. 

“We have no lateness, no absentee- 
ism, no turnover whatsoever; we do not 
know what turnover is. In one month 
of training, we can develop craftsmen 
in particular areas where it would 
take the normal individual at least six 
to eight months to develop the same 
proficiencies. Walk into our press de- 
partment (I did), you'll see that we 
are breaking in a boy put together with 
bolts, nuts and pieces of aluminum. 
Inside of two weeks we developed 
enough craftsmanship in him to com- 
pare him with another normal indivi- 
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dual who had two years of experience. 
Notice the way he picks up material 
and handles it; he has spent two weeks 
with this machine, a complicated flat 
bed West German press with many in- 
ternal mechanisms and delicate adjust- 
ments. He has to know what he is 
doing. 

“We pay these people and treat 
them in exactly the same way that we 
pay and treat the non-handicapped 
employees we have. Normally, we 
open up at eight o'clock in the morn- 
ing. Come here any morning at seven- 
fifteen and listen to the coffee-klatches 
going on. How many non-handicapped 
people report to work fifteen, thirty or 
forty-five minutes before the plant 
opens up? As a matter of fact, we also 
have a handicapped bowling team right 
at the top of the league.” 

More than one-third of Anodyne’s 
personnel are handicapped and by this 
June Mr. Turney expects this figure to 
increase about 80 percent. He will be 
glad to answer any questions pertain- 
ing to the employ of the handicapped; 
just drop him a line at 1270 Northwest 
165 St., North Miami Beach 69, Fla. 


For more information on nameplates and panels: 
Write No. 193 in Box on Inquiry Card 





WORTH FILING 





Electronic Parts and Equipment 


About 100 manufacturers are 
sented in a 196-page catalog containing 
product and price information on a 
wide array of electronic parts and 
equipment for industrial applications. 
Besides a complete index by product 
and manufacturer, the book includes a 
special index to new products. 

Source: Merquip Electronics, Inc. 

Chicago, Illinois 
For your copy: Circle No. 819 on Inquiry Card 
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Or ACTON 


MINIATURE 
FLEXIBLE COUPLINGS 


(@ 


FEATURE ® No Backlash © Com- 
pactness and Lightweight 
@ Accommodate both lateral 
and angular misalignment 
© Choice of types offer clamp- 
ing or set-screw hubs 


Type MPC-1 consists of two flanged 
aluminum hubs and nylon or Delrin 
discs with V-grooves that are dis- 
placed 90° with each other. Discs are 
fastened with stainless steel springs 
loading ball pivots against V-grooves. 
Dimensions 7% x 7 in. 

Type MPC-2 has two cylindrical 
aluminum hubs, each with two ball 
pivots attached. Hubs are attached 
to a pair of flexible phosphor bronze 
discs which hold and load the ball 
pivots. Dimensions % x 2 in. Both 
types have range of bores to accept 
shafts from .120” to .250” and meet 
MIL-E-4970 and withstand — 80° to 
200°F and shock to 100 G. 


pid= 


ADJUSTABLE 
SLIP CLUTCHES 





FEATURE ¢ Adjustment over a 
wide torque range ® Compact- 
ness and lightweight 


Type ASC-1 is % x 1” 

Type ASC-2 Miniature is 4” x 54%” 
Both are constructed of aluminum 
hubs, Delrin’ on stainless steel clutch 
plates and stainless steel hardware. 
These rugged, high performance 
clutches are friction units to protect 
components against excessive or in- 
ertia shock loads. Range of bores to 
accept shafts from .120” to .250”. 
These clutches meet MIL-E-4970 
specs. 

For details on couplings or clutches 
write 






TECHNOLOGY INSTRUMENT CORP. 
OF ACTON 


Dept. MP-2, 533 Main Street 
Acton, Massachusetts 


@® DUPONT T.m. 
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CRYOGENIC MAGNETS 


Niobium-Tin Solenoid Superconduc- 
tive In Field Of 88,000 Gauss 


For years scientists have been experi- 
menting on the construction of electro- 
magnets made of superconductors 
which would not require any electrical 
energy to maintain the magnetic field 
once it was established. In the mate- 
rials studied, they found that super- 
conductivity would disappear in the 
presence of magnetic fields greater th2n 
a few thousand gauss, that the metal 
would then become a normal conduc' or 
and the flow of electrical current would 
dissipate energy. In order to extend 
the use of superconducting magnets 
into many important areas, a material 
was required which would retain its 
superconducting properties in high 
magnetic fields. Scientists at Bell Tele- 
phone Labs. ,have now found that 
Nb,Sn, a niobium and tin compound, 
has this property. 

The metal, niobium (also called col- 
umbium), was considered a rare ele- 
ment until about ten years ago. New 
discoveries of ore now indicate that it 
is about as abundant as nickel, and 
niobium is being extensively studied 
as an alloying element in structural 
materials for high temperature appli- 
cations such as in rocket motors. 

In 1954 while searching for new 
superconducting compounds, B. T. Mat- 
thias, T. H. Geballe, S. Geller and E. 
Corenzwit of Bell’s research depart- 
ment predicted that a compound of 
niobium and tin should be supercon- 
ducting and possess a high transition 
temperature. They discovered that ni- 
obium and tin reacted readily with 
each other to form the compound 
Nb,Sn which had a transition tempera- 
ture of 18° Kelvin, the highest transi- 
tion temperature known at present. 

In 1960, R. M. Bozorth, D. D. Davis, 
and A. J. Williams of Bell measured 
the magnetic susceptibility of Nb,Sn 
and found evidence that traces of sup- 
erconductivity existed in magnetic fields 
up to 70,000 gauss. 
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Fig 1. Liquid nitrogen is poured into a cryostat apparatus to super- 
cool a sample of the highly-superconductive niobium-tin compound. 


Although many uses for this unusual 
material seemed evident, its metallur- 
gical properties delayed practical ap- 
plication. The principal reason for this 
is that the material is very brittle. 
There was no obvious way to fabricate 
a wire form of the material which 
could be used to build a superconduct- 
ing solenoid. 

Latest developments by J. E. Kunz- 
ler, E. Buehler, F. S. L. Hsu, and J. H. 
Wernick, at Bell Labs, have not only 
conclusively shown that the material’s 
critical field (the maximum magnetic 
field that the material can sustain and 
still be superconducting) is extremely 
high but has also resulted in the solu- 
tion to the fabrication problem. 

First the scientists studied the prop- 
erties of bars of the brittle Nb,Sn cut 
from an ingot of the compound which 
was formed by melting niobium metal 
and tin metal together at about 2400°C. 
They found that the bars had zero elec- 
trical resistance of up to 88,000 gauss. 
Furthermore, in these high fields the 
bars could carry electrical currents of 
up to 3,000 amps per sq. cm. at a 
temperature of 4.2° Kelvin (the boiling 
point of liquid helium), without heat- 


ing or using up energy in any way. 

They then went to work to discover 
a way to circumvent the mechanical 
brittleness of Nb,Sn. They started with 
a niobium tube of 1/4 inch outside 
diameter and an inside diameter of 
about 1/10 inch. This tube was packed 
with a mixture of powdered niobium 
metal and powdered tin in the ratio of 
approximately 3 to 1. Since niobium 
and tin are ductile metals before they 
are reacted, it was possible to seal the 
ends of this tube with Nb plugs and 
mechanically reduce the tube by swag- 
ing and drawing to a wire 15/1000 of 
an inch in diameter. This wire is now 
very ductile and can easily be wound 
into a solenoid coil. However, it still 
has the properties of the individual 
metals and is not useful for producing 
high magnetic fields. But once the coil 
is wound, if the wire is heated to about 
1000°C, the powders inside react to 
form the compound Nb,Sn, and the re- 
sulting structure has excellent super- 
conduc'ing properties in high magnetic 
fields. 

The scientists have found that the 
compound formed in this way inside a 
niobium tube has better properties for 
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1 gh magnetic fields than an ingot of 
Sn formed by melting the metals 
gether at 2400°C. In the wire form 
lie Nb,Sn is superconducting in fields 
0! 88,000 gauss while carrying currents 
over 150,000 amps per sq. cm. These 
current densities are fifty times larger 
than the current densities the ingot ma- 
terial can carry. Although available 
laboratory facilities did not permit 
measurements at fields above 88,000 
gauss, the present data indicate that 
these properties should extend to 100,- 
000 gauss and possibly higher. 

The current theoretical understand- 
ing of the phenomenon of supercon- 
ductivity does not provide a full expla- 
nation of these recent findings. Indeed, 
these results may stimulate further evo- 
lution of theoretical knowledge in this 
area of solid state physics. 

A large solenoid has not yet been 
constructed from this unique material. 
The mechanical forces produced by 
magnetic fields of 100,000 gauss present 
engineering problems of construction. 
The solution of these problems are 
straightforward, but scientists at Bell 
believe that it will probably be about 
a year before a large device is con- 
structed. 

These results will have important ap- 
plications in the field of communica- 
tions. Many electronic devices require 
magnetic fields for operation. Examples 
of these are traveling wave tubes and 
solid state microwave masers. Previous- 
ly, designers have been limited to the 
use of small fields commonly less than 
10,000 gauss. This new discovery will 
permit the consideration of the use of 
much higher magnetic fields which may 
extend the operation of these devices 
to high frequency ranges, thus provid- 
ing increased bandwidth for use in 
radio-relay communication systems. 

There are several other areas where 
superconducting magnets will be useful. 
One important example is in thermo- 
nuclear fusion apparatus for power 
generation where large volumes of high 
magnetic field are required to provide 
a “magnetic bottle” to contain the high 
temperature gas plasma. In current 
concepts of such apparatus, one of the 
problems is that the power needed to 
provide the magnetic containment uses 
a large fraction of the power produced 
by the nuclear fusion reaction thus re- 
quiring the construction of very large 
reactors. The use of superconducting 
solenoids with Nb,Sn, which in _prin- 
ciple will not require any power, will 
permit a much greater flexibility in the 
design and study of fusion reactors. 
Although power will be required to 
maintain the low temperatures neces- 
sary for the magnets’ use, the power 
needed to supply the refrigeration is 
negligible compared to the power that 
a solenoid made from a conventional 


" t 
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metal would use. 

Another area where important appli- 
cation will exist is in the study of 
physical phenomena at high magnetic 
fields. In the past, the cost of produc- 
ing high fields in the laboratory has 
greatly restricted scientific investigation 
in this area. Only a few large labora- 
tories have been able to afford the in- 
vestment required. A large part of the 
cost of the instruments of nuclear 
physics such as accelerators and bubble 
chambers is expended in providing 
large volumes of high magnetic fields 
by conventional solenoid magnets. It 
is expected that this new development 
in superconducting materials will great- 
ly reduce the cost of experimental 
facilities where the properties of matter 
can be studied in fields above 100,000 


gauss. eee 





Pressure-Sensitive Tape 


Designed for high temperature appli- 
cations, pressure-sensitive tape uses a 
silicone polymer adhesive and a skived 
Teflon film backing to which a special 
primed surface is applied. Total thick- 
ness of the tape is 0.006”. The treated 
surface provides two distinct advan- 
tages: It will accept encapsulating 
resins and electrical varnishes; it can 
be marked with almost any commer- 
cially available ink. Connecticut Hard 
Rubber Co., New Haven, Conn. 
Write No. 315 in Box on Inquiry Card 


Epoxy Coating 


For printed circuit boards, an epoxy 
coating, called empcote, has been espe- 
cially compounded to permit a faulty 
circuit board component to be cut out 
with a heated knife blade, replaced, 
spot-patched with empcote and _ re- 
turned to service in a minimum of time. 
Coating may be applied by dipping, 
brushing or spraying. Empcor, Burbank, 


Calif. 
Write No. 316 in Box on Inquiry Card 


Epoxy Laminates 


Thin, epoxy fiberglass reinforced lam- 
inates with mylar faces possess excel- 
lent physical and electrical character- 
istics. Widths of up to 48 inches, in 
cut to size sheets or continuous length 
rolls, are available in thicknesses rang- 
ing from .006 to .060 inches. In addi- 
tion to their electrical and corrosion 
resistant properties combined with good 
physical strength, the laminates are 
fungus resistant and flame retardant. 
Willard G. Gregory & Co., Los Angeles, 
Calif. 
Write No. 554 in Box on Inquiry Card 

























IS THE 
LAST WORD 


IN 
ULTRASONIC 
CLEANING 


and the Autosonic by Powertron is the last word 
in ultrasonic cleaners because it uses feedback 
control to keep itself electronically tuned to peak 
cleaning efficiency. Feedback makes the Auto- 
sonic genuinely self-tuning, so anyone who can 
flip. a switch can use it. What’s more — the 
Autosonic is guaranteed to clean almost any- 
thing better, cheaper, and faster than other 
ultrasonic cleaners. 



































A complete line of Powerton Autosonic cleaners | 
is available from 2 gals. to 75 gals.—from 100 | 
watts to 3,000 watts—from $395. to $6,000. 







A ten-minute demonstration in your plant will 
prove what feedback control can do for your 
ultrasonic cleaning problems. Just check your 
cleaning application, and mail the coupon. 














Cleaning Removing 

(_] Electrical Buffing 
assemblies compounds 

[-] Mechanical [] Shop dirt 
assemblies [ } Fluxes 

(] Circuit boards [_) Waxes and oils 

[_] Laboratory | | Degreasing 
glassware [ } Brightening 

(D Surgical {_} Radioactive 
instruments contamination 

[] Engine parts () Other describe 

[_} Ceramic 
components 

C Metal parts 

(_] Other 





(_] Check here if you'd like a free copy of our 
technical bulletin, ‘‘How to Clean Ultrasoni- 
cally with Self-tuning.’’ 
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PATTERSON PLACE = ROOSEVELT FIELD 
GARDEN CITY, L.I., NEW YORK + PIONEER 1-3220 
SEE US AT THE IRE @ BOOTH 2008 
CIRCLE NO. 29 ON INQUIRY CARD 
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The Few Engineers Who Dont Know About 
C.1.G. Film Pots Might Solve “Short-Life’ Pot Problems 
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Wire-wound pot (A) in analog computer wears down. Vibration of 
X-Y Recorder Pen, trying to follow resultant noise jiggles, creates 
erratic pattern (B). Mountain goat (C) thinks pattern looks like old 
mountain homestead, leaps on platform (D) in attempt to reach home. 
Platform mounted on coil spring bounces, causes string (E) to pull 
back on pulleys (F and G). String turns spring-action faucet (H) which 
| feleases gin (1). Gin pours into vermouth vat (J) automatically mixing 
' 8 to 1 Martini (how dry can you get?) raising level which forces excess 
- to flow into mouth of happily reclining organ-grinder (K). Martini 
mixture’s potency causes grinder’s toes to curl, thereby setting organ 








Send for large scale reproduction of this unique system. 


dance, impelling bystander (N) to toss coin into monkey's tin cup 7 
(O). Rubber bottom of tin cup bounces coin into funnel-tube (P). Coin © 
is carried through tube to automated Wire-Wound Pot Vending Machine _ 
(Q) and releases new wire-wound pot, which rolls into position on 
miniature railroad tracks (see cutaway of computer—R) and bounces © 
worn-out wire-wound pot into container (S). X-Y Recorder resumes 
normal pattern, goat (tethered with old inner tube—T), jumps off plat- 
form, starts feeding on worn-out pots, while waiting for new pot to 
wear down—which can happen before you can mumble “‘potentiometer”’ 


Py (L) into operation. Conditioned monkey (M) hears music, proceeds to backwards. . 
| & —— . - — _— : ee ” — 
acer "es? ee RU ee ee ae ee eee be cues TS he : 2 af 


BUT THE BEST WAY YET... 


Use C.1.C. Precision Conductive Film Potentiometers 


For Proven* Multi-Million Cycle Life! 


*Ask us for list of missiles and aircraft currently using 


C.1.C. Film Potentiometers. 





... and Here Are a Few Additional Features: 


INFINITE RESOLUTION 
INHERENT RELIABILITY 
PRECISION LINEARITY 
LOW OPERATIONAL NOISE 


VIDEO FREQUENCY 
OPERATION 





eo o©ee#*# 


FIRST IN FILM POTS 





Be A RRR 8 aR A 
COMPUTER INSTRUMENTS CORPORATION 


‘ S2MADISON AVENUE e HEMPSTEAD,L.|I..NEW YORK 


CIRCLE NO. 34 ON INQUIRY CARD 








50 





ELECTROMECHANICAL DESIGN 








ns 


SIGN 





TIMERS, Part 1 


Timing is a major control function in 
many applications. Its uses range from 
the extremely simple function of intro- 
ducing a delay between the application 
of a control signal and the response, to 
the control of complex machines or 
processes where time is the convenient 
independent parameter. In effect, tim- 
ing in control applications means the 
sequencing of any number of separate 
events (contacts opening or closing) 
at intervals spaced to meet the re- 
quirements. Accuracy of spacing, as 
well as the total time intervals covered, 
are major factors in selecting the type of 
commercial timing mechanism for the 
application. 

In this Components Digest we intro- 
duce the topic of timers and timing de- 
vices by considering the basic concepts 
of timing, how delays are achieved, 
accuracy, flexibility, factors in com- 
mercial timer selection, and the appli- 
cation of timers in control systems. 
Specific characteristics of commercially 
available devices will be covered in 
detail in future installments of this 
Digest. The Series will emphasize 
electromechanical devices where out- 
put is observed as a sequence of con- 
trolled contact operations. Electronic 
timers, and highly specialized timing 
devices will be covered toward the 
end of this series. 


APPLICATIONS 


It is impossible to cover timing ap- 
plications as such with any degree of 
completeness. Table I lists some of the 
major classes of applications. Actual 
applications which might fall in one or 
the other of these clasies are so num- 
erous that they may be found in al- 
most any plant and in many places 
within the plant. Here we will discuss 
some specific applications briefly to 
give some idea of their diverse nature. 
® Consider the stepper motor of Fig 1. 
The presence of a time delay deter- 
mines the direction of rotation. The 
input logic circuitry, transistorized or 
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Fig 1 Simplified schematic of time delay in stepper motor circuit. The 


stepper motor has a permanent magnet rotor which lines up with the resultant 
dc magnetic field. When the field is reversed, the magnet will rotate 180°. 
The important thing is for the magnet to rotate in the correct direction. This 
is accomplished by introducing a time delay in one of the coil circuits so 
that the rotor is, for the moment, excited by only one winding. This starts 
the rotor in the correct direction at which time the windings are excited in 


their correct directions for positioning. 


Logic circuitry of a much more com- 


plex nature is actually required for the above circuitry. 








TABLE | © Applications of Timers 


1. Control of operations which require a 
specific sequence of response signals as a 
function of time, perhaps on a continuously 
recycling basis. 


2. As a safety device, where a delay is 
necessary before the safe application of a 
signal, or where a maximum permissible on- 
time is established by intermittent duty 
ratings. 


3. To program the steps in starting up a 
complex machine or process so that each 
step occurs in exactly the right sequence, 
with suitable warm-up, or settling down 
periods interspersed, without human error. 


4. To provide a visual read-out of elapsed 
or process time. The total in-use time of a 
machine may be set-down. 


5. To turn equipment on and off or to 
change an adjustment at irregular intervals. 


6. As a circuit element (in all electronic 
timers) to provide required delays in elec- 
trical signals for computer or logic circuitry. 


7. As a means of indirectly measuring rate 
where a calibrated time interval automatic- 
ally measures the accumulation of the 
quantity whose rate is being measured, 
providing a signal when the accumulated 
total reaches a preset value. The time in 
terval is an inverse measure of rate. Many 
types of digital voltmeters operate on this 
principle by first converting a dc voltage 
to a proportional time interval. 


8. As a means of sequentially sampling 
physical variables for measurement pur- 
poses, in specific sequence at pre-estab 
lished times. Measurement of a sample for a 
specified accurate interval is often an impor- 
tant requirement. 
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This printed circuit disc is the “face’’ 
of a clock that tells time in digital code 


... Or any code your computer, control system, or data proc- 
essing device needs to keep it properly in touch with the 
world of real time.—A. W. Haydon is a company of infinite 
variation when it comes to such analog-to-digital converters, 
or “binary encoders’. Time periods range from seconds to 
weeks. Sizes range from miniature to large. They come sealed, 
enclosed or open, with AC, DC, or pulse drive, and with an 
imposing variety of accessory equipment.—The model shown 
is for commerical use. It provides a discrete signal for each 
two-minute interval over a 28-day period. It is used, among 
other places, in an automatic parking lot ticket computing 
system.— This and several other time code generators are 
described in Technical Brochure SP9-2. It’s yours for the ask- 
ing. Similar solid-state devices can be 
supplied by our Culver City, Calif.,facility 


COMPANY 


239 North Elm Street, Waterbury 20, Connecticut 
CIRCLE NO. 35 ON INQUIRY CARD 
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electronic, is incorporated in the time 
delay. 

® Time delay relaps in vacuum tube 
circuits frequently are used to delay the 
application of plate voltage until the 
filaments have had time to warm up. 
e A timed sequence of relay closings 
is often used in motor starting. For 
example, in starting certain types of 
de machines, resistors are introduced 
in the armature circuit timed with the 
known acceleration characteristics of 
the motor and load, to achieve uniform 
torque characteristics and to limit in- 
rush currents. 

¢ A motor-driven punched tape may 
provide the required sequence of con- 
tact closings to operate a complex de- 
vice such as a test rig, moving assembly 
line, or machine tool. The adjustment 
of time sequences is best carried out 
by trial and error, since the operating 
times may be inaccurately known for 
the component elements of the machine 
or process. 


FUNDAMENTAL CHARACTERISTICS 
OF TIMERS 


Fron an elementary point of view, 
timers are dependent on the controlled 
change of a physical quantity, ini- 
tiated at will, and a means of detect- 
ing when this quantity has reached a 
preset value. At that instant an output 
signal is developed. This definition is 
applicable to all elementary timing de- 
vices. 

The physical quantities suitable for 
a specific application depend greatly on 
the nature of the application. A chem- 
ical reaction, initiated at the start of a 
time cycle may, at a specified point in 
the reaction (as detected by a sensed 
concentration of an ingredient by color, 
or by PH, or conductivity), be 
used as a one shot timing cycle for de- 
lays ranging from fractions of a second 
to weeks. However, this type of delay 
is apt to be extremely temperature 
sensitive, certainly not able to be reset, 
and in many practical ways unsuited to 
control. Suitability of the physical vari- 
able to simple, flexible, and exact con- 
trol is the key factor in its application 
to a practical timer. Actually, as will 
be described later, almost all timers 
are based upon a very limited number 
of easily handled physical quantities; 
the primary selection factor among 
these depending on accuracy and the 
required range of time delay. 

The generalized process of time de- 
lay is illustrated in Fig 2. At the in- 
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MONOTONIC CURVE, 
RELATING VALUE OF 
PHYSICAL QUANITITY 
TO ELAPSED TIME 
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POINT ) | 
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TIME——> j 
Fig 2 Basic timer diagram. A physical variable, starting at a definite 


reference point, say P,, increases with elapsed time in accordance with a 


definite repeatable characteristic curve. 
reached the pre-established value at point P 


physical variable has 


A detector must sense when the 


corresponding to time T. At this point, a signal (such as the closing of 


a contact) must be generated at an external point. 


output of the timer. 


stant the physical variable coincides 
with the preset reference value, the 
output is triggered. Important design 
factors are the repeatability of the 
characteristic curve, including hyster- 
esis and independence of changing op- 
erating conditions, and the accuracy 
of the detector. Linearity is sometimes 
important where a convenient readout 
dial is required. The ability to reset to 
zero is also of major importance in 
many applications. Temperature is a 
most important physical variable in 
many time delay devices, but it cer- 
tainly cannot be easily reset to zero, nor 
is it generally insensitive to changing 
ambient temperatures. In general, phy- 
sical displacement, and electrical cur- 
rents and voltages are the most flexible 
variables. 

As a review of basic timer considera- 
tions it may be said that any physical 
variable whose magnitude can be con- 
verted to a monotonically varying time 
function can (theoretically at least) be 
caused to operate a detector which 
measures the variable and provides an 
external indication when it has reached 
a specified reference value. The de- 
tector is actually any suitable measur- 
ing instrument for the physical variable 
in question. Typical physical variables 
are linear or rotary displacement, tem- 
perature, electric current, electric 
charge. These variables are relatively 
easy to control, are reasonably accu- 
rate, provide convenient ranges of time 
delay, and are resettable. Bi-metallic 
elements and temperature sensitive 
resistors are suitable temperature 
change detectors. Electrical contacts 
may close or open in response to a 
physical displacement. A solenoid or re- 
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This signal is the 


lay coil will detect electric current. Gas- 
eous discharge tubes, such as a neon 
bulb, will detect voltage, or accumu- 
lated charge on a capacitor. Considera- 
tion of the general range of physical 
phenomena capable of being used in a 
time delay device together with the 
wide assortment of detectors usable 
with the phenomena could perhaps 
suggest many new combinations suit- 
able for particular or general applica- 
tion: 

Figs 3 and 4 show generalized be- 
havior of the physical variable in a 
timing mechanism. There must be 
some source of driving energy capable 
of causing the physical variable to 
change. Initiation of the timing cycle 
by an external signal starts the change, 
which then proceeds at a controlled 


rate, depending on the design and ad- 


justment of the mechanism. The de- 
tector as previously noted, delivers an 
output signal when the physical vari- 
able has changed in magnitude to 
match the built in reference signal. 

Choice of driving power which is 
“modulated” to change the physical 
variable represents an additional factor 
in the classification of timing elements. 
Electrical power is used in electronic 
timing devices. 
applied to a synchronous motor pro- 
vides a mechanical power source which 
may be converted to shaft displacement 
for controlled contact actuation. A 
spring and escapement mechanism also 
serves as a source of driving power. 


The electric power | 


Generally speaking, the nature of the | 


driving power must be suited to the 
physical variable used as the delay 
mechanism. A heater energized from 


an electric power line provides the ' 





put in your designs 
HEINZE 
UNIVERSAL 
MOTORS 


are 


VERSATILE 





An endless variety of modifications 
are available on Heinze Universal 
Motors, such as stainless steel shaft 

special cuts on shafts such as 

worms, pinions, screw threads, cross 

holes, flats, etc. . . . double shaft ex- 

tension ... cord sets... inline switches 

on cord sets . ..- ventilated cases... 

fungus proofing . . . various type leads 
. . choice of color. 

In addition, Heinze Universal 
Motors are rugged to withstand tough 
applications, compact to fit limited 
space, have high starting and running 
torque, variety of mounting arrange- 
ments, are uniform in quality, keyed 
to high production, and are competi- 
tively priced. 

Standard voltage rating is 115V 
AC/DC but motors are supplied for 
other voltages. 

Send coupon for catalog. 


ELECTRIC COMPANY 

685 Lawrence Street 

Lowell, Massachusetts 
SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 
HEINZE ELECTRIC COMPANY 


685 Lawrence Street, Dept. ED 
Lowell, Massachusetts 


Please send catalog on Heinze Sub-Fractional Horse- 
power Motors and Blowers. 
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TABLE If © Common Sources of Time Delay 


The more important sources of time delay, 
or in other words, the physical variables 
from which time delays may be derived, 
are discussed below. They differ greatly 
in their flexibility, ease of control, and 
adaptability to different problems. Each of 
the delay mechanisms will be reconsidered 
later in detail, in association with specific 
timing equipment. 


R-C CIRCUITRY 











The physical variable is an electrical charge, 
which is forced by the battery V through 
the resistor R to accumulate on the capaci- 
tor C. When switch S is closed, the charge 
builds up exponentially, building up the 
voltage across the capacitor. 






AT TIME=T,=RC, 
CHARACTERISTIC Vo* Voo* 63.2% V 
EXPONENTIAL 

CURVE 








TIME 


A detector responding to Vc would pro- 
vide an output signal when Vc reached a 
“triggering” corres- 
ponding to the time interval. 
timing, all the parameters must obviously 
be held constant to within the limits of 
suggested by the curve above. 
Adjustment limits is provided by 
varying V or R or both. A linear relation- 
ship between Vc and time may be approxi- 
mated by using a large R, that is, a very 
long constant in comparison 
with the required range of delays. A con- 
stant current source, such as a pentode, 
feeding the capacitor will 
provide a linear build-up in Vc. This is, 
however, limited by the linear range of the 
tube and practical voltage limits on the 
The limit to the length of time 
established by leakage of the 
capacitor, as well as the physical size of 
the capacitor, which makes the R-C ar- 
rangement delays above 
several Delays of several milli- 
seconds are conveniently attained at the 
lower extreme. When resetting, S must be 
opened and the capacitor completely dis- 
charged. 


value, 
For accurate 


predetermined 


accuracy 
within 


time circuit 


for example, 


capacitor. 
delay is 


inadequate for 
minutes. 
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R-L CIRCUITRY 
The physical variable is electric current 


which builds up, when S is closed, in an 
exponential manner. 





AT TIME=To= L/R, 
itig= 63.2% Wp 








TIME 


The detector must respond to current. In 
this type of circuit, the detector is almost 
always associated with the inductor itself, 
the commonest example being the coil of 
an ordinary relay. When current builds up 
to a predetermined value, the relay will be 
actuated. Adjustment is most convenient!y 
provided by varying R, or sometimes V. 
However, charging R also changes the 
steady state dissipation in the circuit. For 
obvious reasons, this delay mechanism is 
incapable of very high accuracy. The cop- 
per coils of the inductor are sensitive both 
to ambient temperature changes as well as 
selfheating. After a warm-up period, a re- 
peating time cycle will have a lower time 
constant due to increased R. Furthermore, 
eddy current losses within the relay iron, 
also temperature dependent, may affect 
the time cycle. Frictior in relay pivots is 
another serious variable, being dependent 
on wear, as well as ambient temperature, 
where differential expansion can change 
the friction by changing the fit on the 
pivots. Spring supported relay elements 
may suffer changes in spring constant over 
a temperature range. Time delays may be 
increased by intentionally introducing “ed- 
dy currents.” What is often done is to 
add a conducting slug or shading coil to 
link a significant portion of the magnetic 
flux. As the flux starts to build up, a 
counter current is generated in the shading 
coil which in turn generates a bucking 
flux. This bucking flux slows down the 
buildup of the magnetic field, and the line 
current. Of course shading coils are also 
temperature sensitive. Additional factors 


are the build-up in inductance which coin- 
cides with the closing of a relay which 
causes a momentary drop in current and 
the arcing due to inductive energy build- 
up as switch S is opened. Time delays 
vary from milliseconds to several seconds. 
This type circuitry permits operation of 
output contacts in a simple and direct man- 
ner, economically, with good reliability. 
Instantaneous resetting is possible by 
bringing the current to zero. Ac relays are 
more convenient where ac power is avail- 
able, eliminating the need for an ac to dc 
power supply. These relays generally use 
more power than dc relays, and are in- 
clined to be noisier. A shading coil is often 
used to smooth out force pulsations which 
would otherwise lead to mechanical wear 
at the contacts and pivots, and arcing at 
the contacts. 


UNI- ADJUSTABLE 
DIRECTION, | NOZZLE 
VALVE TO — AIR 
AIR 
DIAPHRAM 
oe 
SOLENOID 


VISCOUS FRICTION RESTRICTING 
FLOW OF MASS 


The physical variable is displacement of a 
moving contact. A relatively constant force 
provides the driving power, while a con- 
trolled resistance to motion sets the time 
When displacement has reached 
a preset value, it is “detected” by a fixed 
contact. The location of the fixed contact 
may provide an additional means of ad- 
justment. Typically, the solenoid force may 
be applied to a diaphragm which comprises 
one surface of an enclosed volume con- 
taining a fluid, either liquid or gaseous, 
immediately and completely displacing the 
diaphragm to a fixed limit. (For long de- 
lays a highly viscous fluid could be used.) 
A return spring, perhaps the spring charac- 
teristic of the diaphragm itself, returns the 
diaphragm slowly to its initial position, its 
rate of return depending on the orifice 
setting. A reduction in orifice size in- 
creases time delay. Pneumatic versions 
with air as the fluid are extremely reliable. 
Liquid filled devices are sensitive to tem- 


interval. 
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ALITE — with its completely equipped facilities 
for producing high quality, vacuum-tight, 
ceramic-to-metal seals — is geared to meet all 
your requirements for high alumina ceramic- 
metal components. From design to finished as- 
sembly, every manufacturing step — including 
formulating, firing, metalizing and testing—is 
carefully supervised in our own plant. Result: 
effective quality control and utmost reliability. 


Hermetic seals and bushings made of high 
alumina Alite are recommended for electrome- 
chanical applications where service conditions 
are extremely severe or critical. Alite has high 
mechanical strength and thermal shock resist- 
ance. It maintains low-loss characteristics 
through a wide frequency and temperature 
range. It resists corrosion, abrasion and nuclear 
radiation. Its extra-smooth, hard, high-fired glaze 
assures high surface resistivity. 


ALITE DIVISION 
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CERAMIC-TO-METAL SEALS 


ov Special Desigus 


FROM ONE COMPLETELY INTEGRATED SOURCE 


To simplify design problems and speed delivery, 
Alite high voltage terminals, feed-throughs and 
cable end seals are available in over 100 stand- 
ard sizes. However, when specifications call for 
special units for unusual applications, you can 
rely on expert assistance from Alite engineers to 
help you take full advantage of Alite’s superior 
properties. 


Write us about your specific requirements today: 


WRITE FOR HELPFUL FREE BULLETINS 


Bulletin A-7R gives useful com- 
parative data. Bulletin A-40 
describes Alite facilities and 
complete line of Alite Standard 
Bushings. 
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perature, and silicone fluids are used where 
reasonable uniformity is required over a 
wide temperature range. A dashpot mech- 
anism in conjunction with the solenoid is 
a convenient variation of this type of de- 
vice. The use of bellows is also a con- 
venient mechanical arrangement. Delays 
commonly range from less than a second 
to a few minutes. Accuracies are to 10 
or 15%. Resetting occurs automatically 
with loss of power. 


THERMAL LAGS 


Here the physical variable is temperature, 
which is measured by the deflection of a 
bi-metallic strip. A fixed contact deter- 
mines the deflection at which an output 
signal is delivered, in effect detecting when 
temperature has reached a_ prescribed 
limit. Voltage is applied to a heater, whose 
heat, following a time lag, causes the 
temperature change of the bi-metal. The 
time cycle is obviously very dependent on 
applied voltage, and to a lesser extent on 
ambient temperature. Thermal delay is 
widely used in low cost, low accuracy 
time delay circuits where its errors can be 
tolerated. Delays range from about a sec- 
ond to several minutes. Reset time de- 
pends on how quickly the unit cools off 
and may take up to a couple of minutes. 
Recycling prior to a complete reset means a 
shortened time cycle. Adjustment is most 
conveniently carried out by changing the 
heater voltage, or readjusting the fixed 
contact. Variations of the thermal time de- 
lay unit have been devised with much 
higher accuracies. In these, the heater 
current flows through a contact of the re- 
lay itself. A very heavy input power re- 





TABLE Il (cont.) © Common Sources of Time Delay 


sults in extremely rapid heating of the 
bi-metallic member to the temperature 
where it deflects and opens the heater 
contact. A snap action is achieved in this 
opening. The heater is now disengaged, 
and it is during the cooling cycle that an 
accurate time delay is achieved. When cool- 
ing has reached a preset temperature, the 
bi-metal snaps back, closing a set of con- 
tacts which drives an external relay, which, 
when energized, opens the heater circuit. 
This type of arrangement can be constantly 
reset, and is relatively independent of line 
voltage and ambient temperature. 
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CONSTANT SPEED MOTOR 


The physical variable here is displacement, 
applied by the drive-motor at a uniform 
rate. The detector is a cam-actuated 
switch. This type, though not inexpensive, 
affords extraordinary flexibility. Timing is 
possible over ranges from several seconds 
to many weeks, if desired. The lower limit 
is deterined by the finite acceleration time 
of the motor at the start of the cycle. This 
can be reduced to the order of 20-50 milli- 
seconds if a suitably energized magnetic 
clutch is used to couple a high inertia con- 
stant speed drive-motor to the load. Where 


starting and stopping of the time cycle 
must be carried out at high speed, the 
de-coupled driven load can be braked at 
the same instant that the clutch disengages. 
For increased flexibility the individual cam 
shafts may be operated at different speeds. 
Clutch arrangements or gear shifts permit 
changing speed ratios, either as an_ ini- 
tial set-up of the gear train, or by the 
energization of suitable clutches and brakes. 
This latter approach permits changing the 
timer range at will by a remote electrical 
signal. Further intricacies may be _ intro- 
duced by the cam design itself. Adjustable 
cams can vary the ratio of on-time to off- 
time as well as the starting time for each 
contact actuation. Wear on the cams, and 
changes in the actuation point of the limit 
switches affect accuracy. The choice of 
driving motor depends upon available 
power. DC motors must be governed to 
compensate for changes in line voltage, 
temperature and load. Accuracies of a 
small fraction of a percent of elapsed time 
can be achieved. Stepper motors can drive 
timer cam shafts in response to pulse inputs, 
in which case accuracy depends upon the 
proportionality of accumulated pulses and 
time. Synchronous motors are of course 
as accurate as the ac line and, when driven 
from a_ suitable crystal oscillator power 
supply, they can deliver the ultimate in 
accuracy — 1 part in hundreds of millions. 
Over the long pull, the 60 cps line is ex- 
tremely accurate, although short-term fre- 
quency variations may approach 0.1%. 
Ungoverned dc motors with 5% to 10% 
accuracies are usable in crude applications. 
Spring powered escapement drives (clock- 
motors) can be accurate to a few seconds 
a day. Resetting is more or less readily 
accomplished depending upon design. De- 
clutching the cam shafts and returning 
them to their starting positions by means of 
return springs can be accomplished in 0.1 
second. 








driving power in a thermal time delay 
device, where contacts are closed by 
motion of the bimetallic detector. 
Pneumatic, electrical, magnetic, and 
mechanical power are extremely com- 
mon in delay devices. 

Perhaps the most obvious, and often 
the most convenient means of varying 
the delay rate is to control the driving 
power. This may be the setting of a 
voltage supply, or the energizing of a 
solenoid driving a vane through a vis- 
cous fluid. The pressure in a pneumatic 
system may also be used to affect the 
delay. However, more often than not, 
it is easier to introduce a mechanism 
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for retarding the rate of change of the 
physical variable, and employ this as a 
means for controlling delay time. It is 
obviously more convenient to vary the 
resistor in an RC circuit to change its 
time constant (and delay time) than 
it is to change the supply voltage. In 
a pneumatic circuit, or in a viscous fluid 
dashpot, delay is most conveniently ad- 
justed by varying the orifice dimensions 
through which fluid flows. This basic 
method of adjusting delay by varying 
the resistance to a constant or governed 
driving force is easiest to implement 
in actual practice. 

Table II reviews some of the com- 


monest arrangements of physical vari- 
ables used in time delay mechanisms, 
and lists their significant characteristics. 
Many more specialized varieties. of 
timing devices will be covered in future 
installments of this Components Digest. 

In simple time delay devices the 
solenoid or relay is among the common- 
est “detecting” devices. The physical 
variable is the electric current in the 
coil. The rise in current upon energiza- 
tion of the input circuit is delayed by 
the inductive lag of the circuit and 
perhaps by the bucking action of a 
copper slug shading coil in the mag- 
netic circuit. When the current reaches 
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the “reference” value required to act- 
uate the relay or solenoid, the system 
responds. The reference value is typi- 
cally preset by the spring tension re- 
quired to support the relay or solenoid 
in the non-actuated condition. Fric- 
tion at the relay pivots can affect the 
reference level, since a sticky relay 
needs more current. 

Consider the circuit behavior when 
the magnetic force due to the rise in 
current matches the spring and friction 
force. The magnetic circuit starts to 
close under the action of the magnetic 
force. Since the magnetic force varies 
as the square of the current, it in- 
creases rapidly once the current in- 
creases beyond the critical value. As 
the magnetic circuit closes, its reluc- 
tance decreases abruptly, with a corres- 
ponding increase in coil inductance. 
There is a momentary drop in current 
due to the increased inductance. The 
inertia of the moving armature contri- 
butes to the time delay. As a matter of 
fact inertia is frequently added inten- 
tionally to provide a fraction of a sec- 
ond of delay. 

Once the relay (or solenoid) has 
closed, the large inductance of the 
magnetic circuit means high field 
strength, and the relay tends to remain 
closed. There must be a considerable 
reduction in current before the relay 
will reopen. Clearly the relay is not a 
high-precision sensitive detector where 
good repeatability is required. How- 
ever, it can be readily employed in 
electronic circuits where reasonably 
high accuracies can be achieved. The 
most important advantage of the sole- 
noid or relay as a detector is the di- 
rectness with which the physical vari- 
able (current) is converted to contact 
actuation. 


relay or solenoid devices can be some- 
what extended by the use of damping 
which slows down the moving element. 
Consider a solenoid type device where 
an applied force is developed by ener- 
gization of the coil. Motion of the 
solenoid armature may be considerably 
slowed down by immersion in a viscous 
fluid. In related types of devices a 
solenoid may drive a diaphragm so as 
to expel air or a fluid from a chamber 
through an adjustable orfice or restric- 
tion. Time delays of several minutes 
are achieved in this manner with reset 
time a small fraction of delay time. 
Motion of the solenoid permits the 
closure of contacts. 

Probably the most versatile of all 
timing devices are based upon the use 
of constant speed driving mechanisms. 
Unfortunately these are not the most 
inexpensive, so they are not recom- 
mended for all applications. How- 
ever, when it comes to flexibility, accu- 
racy, and wide range of performance, 
they are almost unmatched. 

Consider the variety of drive mech- 
anisms. A clock type escapment mech- 
anism is obviously a_ high-precision 
timing device. A synchronous motor 
will provide the accuracy of the a-c 
line. Governor controlled dc motors 
will provide a 0.1% accuracy in some 
conditions. Where highest accuracy 
is required, a crystal or tuning fork 
controlled oscillator will provide accu- 
racies to 5 parts per billion. 

The motor may drive a whole host of 
output devices. Typically, an elapsed 
time indicator or a clock may be de- 
vised where an ordinary shaft driven 
counter is the output device. Cam 
shafts driving any number of cam- 
actuated contacts permit the program- 
ming of complex timing sequences. 


motor driven drums wi‘h projecting 
pins (especially easy to reprogram), 
and motor driven punched tapes. Re- 
setting time on this type device de- 
pends a great deal on the design. A 
quick disconnect clutch on the cam 
shaft and a return spring permit re- 
setting in a fraction of a second. 


PRACTICAL CONSIDERATIONS 


Certain practical factors above and be- 
yond the basic elementary factors we 
have considered are important in a 
timer. Some timers upon application 
of a starting signal will travel through 
one cycle, and then stop. A _ repeat- 
cycle timer repeats its cycle until power 
is removed. Reapplication of power 
continues the cycle from the point at 
which it was interrupted. Reset timers 
return to their reference condition on 
command, or if power is interrupted. 
At completion of its cycle a reset timer 
may return on command or automati- 
cally to its reference condition. 

Setting of the time interval may be 
accomplished in a variety of ways. 
Probably the most common way is 
by means of a manual dial adjustment. 
The remaining time of the cycle is 
indicated by the setting of the dial, or 
of a pointer. Cycling may be auto- 
matic, or manual resetting may be 
required to start each cycle. 

In some higher quality devices the 
dial reading may be taken as an ac- 
curate measure of the setting. More 
often the reading is only an approxi- 
mate indication, with a trial and error 
check required for accurate setting. 

A stop watch is a valuable tool for 
timer calibration. Electrical or auto- 
matic means may be employed for re- 
mote adjustment or initiation of the 
time cycle. Starting of the time cycle 
















































































The limited time delay available in Variations on this scheme include may require only the application of 
REGULATING 
MECHANISM 
PHYSICAL PHYSICAL (PROVIDES 
DETECTOR -—-—-—> VARIABLE 
QUANITITY RESPONSE SIGNAL a UNDER. le] ‘OUTPUT 
SOURCE 
4 AT TIME T. CONTROLLED INDICATION) 
| A CONDITIONS 
| 
ACTUATION RESPONSE INITIATION 
SIGNAL —— SIGNAL 
ACTUATION 
T SIGNAL Fig 4 Control of the physical variable. A power source is 
available to provide the basic energy for changing the physical 








se TIME —> 


Fig 3 Block diagram of an elementary timer. Although prac- 
tical commercial timers may be extremely complicated, they 
are built up of combinations of functions as shown above. 
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variable. An initiation signal starts the timing cycle. A regu- 


lating mechanism in effect “meters” the rate at which the 
physical variable changes. There is also a controlled resistance 


time delay. 


to change, which balances the metered input to establish the 
The physical variable must be shielded from 
outside effects that may effect accuracy of timing. 
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NEW TRANSISTORIZED | * ee 
MINIATURE RECORDER OFFERS € 


Eo DIGEST 
| 


DC INPUT e® 


| power; with some timers a momentary 
iso LATION AND | pulse initiates _the timing cycle. In 
many inexpensive timers, manual set- 
ting of the pointer to the required delay 


NOISE EREF DC OU i i) automatically initiates the timing cycle, 
= | . . cal 2a . : 
| with time still remaining in the cycle 


| indicated directly on the output dial. 
On repeat cycle timers the accuracy 
must be specified for the duration of 
all the repetitive timing cycles. Since 
accuracy is generally specified as a per- 
centage of the full scale indication of 
the timer, high accuracies may not be 
expected for intervals that are a small 
fraction of the full dial reading. 

In selecting timers for a specific ap- 
plication, there are many practical fac- 
tors to consider. Voltage and frequency 
of available power lines are certainly 
important. Many high quality timers 
require de, which if not available must 
be furnished by a separate power sup- 
ply. Steadiness of voltage and frequen- 
cy affect the accuracy of motor-driven 
. timers. DC motors for timing applica- 
\— THERMOCOUPLE COMPENSATION | tions generally employ governors pri- 
\_ ZERO INDUCTIVE ADJUSTMENT marily to compensate for line voltage 
fluctuation. Thermal time delay devices, 
dependent on line voltage for their 
heating power, are sometimes extremely 
sensitive to voltage level, although there 
are variations that work on the cooling 
cycle after a quick initial heating which 
provide good accuracy and repeatabil- 
ity. Synchronous motor driven timers 
of course except for an initial starting 
period have the accuracy of the line 
| frequency. They may be tuning fork 

or crystal oscillator controlled where the 

ultimate in accuracy is required. 
Timing motors have followed the 

trend toward miniaturization even more 

than most other motor types including 
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The unique DE VAR potentiometer/receiver recorder is particu- 
larly suited for Strain-Gage Transducers, Thermocouples and 
Resistance Bulb Elements. The isolated input circuit rejects high 
common-mode noise without resorting to input balancing. 

The DC output signal is sufficiently noise-free to feed data 
loggers or computers. In addition, a low noise, high frequency 
carrier signal is available for drift-free operation of controllers 
and alarms. 


@ Exclusive inductive zero and span ad- 


justment — continuously variable from precision control motors, and even 
0-5 mv to 0-50 mv. though they are heavily geared down, 
@ Complete solid state circuitry — includ- their load handling capacity may be 
ing unique transistor chopper. taxed by gear and bearing friction. Ex- 
@ Battery reserve — eliminates costly cessive reduction in line voltage, either 
down time. | continuous or transient, can cause the 
@ Full scale rectilinear writing — with 1, | motor to lose speed (and accuracy). 


Performance of some timing devices 
depends on resistance of the power 
lines. Furthermore, opening and clos- 
ing of circuits will generate live trans- 
ients. The power supply must be of 
sufficient capacity to absorb these 
| transients and load drains without fall- 
ing outside its specified limits. Ripple 
or waveform distortion in the power 
line are usually not critical. 


2, or 3 pens. 


Our Technical Bulletin R-301 describes the most advanced 
miniature recorder now available — 
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SYSTEMS INC 
A DIVISION OF GENERAL KINETICS CORPORATION 


LICENSEE IN THE EASTERN HEMISPHERE: 
DE VAR LIMITED * LONDON 
A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 





OUTPUT CIRCUITRY 






During its operating interval the timer 
may be called upon to operate a se- 
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This electrically actuated Veeder-Root 
counter, Series 1591, reports machine out- 
put directly from factory to your office... 
mer operates on regular lighting circuit, drycells, 
storage battery or other power supplies. 
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quence of electrical contacts. These 
contacts in turn may energize relays of 
any degree of complexity. However, it 
is more convenient where possible to 
derive the useful output directly from 
the timer itself. Of course the number 
and rating of contacts must be adequate 
for the load circuits. This factor must 
be considered at an early phase of 


timer selection, since some types of 
timers lend themselves most readily to 
inclusion of a large number of high 
capacity contacts. The connections of 
the load circuit before, during and after 
the time cycle, and the behaviour of 
these circuits in the event of a power 
failure are serious; for example, a power 
failure can result in application of a 
sustained damaging voltage to a com- 
ponent capable only of intermittent 
energization. 

Contact ratings are of course as im- 
portant here as in any relay problem. 
The required number of cycles in the 
life of the unit and the capacity and 
rating of the load are the principal 
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Now you can design instrument 
packages that are more compact 
than ever before! 

CEDAR ENGINEERING has cre- 

ated for you a new line of 
precision miniature servo motors 
and motor-tachometers that are 
shorter, lighter, and electrically 
more efficient than ever before 
possible. 
The new short CEDAR Size 10 
motor-tach, for example, is only 
1.375” long...a full third shorter 
than conventional Size 10’s and 
even shorter than commonly 
used Size 8’s. 

In addition to permitting more 
compact instrumentation, the 
shorter length and reduced weight 
minimize susceptibility to vibra- 
tion failure. 

Efficiency? You get normal 
motor output at a lower wattage 

















input. And these rugged new 
space misers are built without 
compromising reliability. They 
fully meet requirements of MIL- 
E-5272C. 

Specifications are now available 
for the new CEDAR short servo 
motors and motor-tachs in Sizes 
8, 10 and 11. For more informa- 
tion, contact us today at the 
address below. We’re standing by 
to give you immediate service. 













Write, Call, or TWX Collect: 


Mr. David Baker, Sales Manager 
CEDAR ENGINEERING 
Control! Data Corporation 
5806 West 36th Street 
Minneapolis 16, Minnesota 
Phone: WEst 9-1681 
TWX MP-974 


CEDAR ENGINEERING 


Division of 


CONTROL DATA CORPORATION 


Minneapolis 16, Minnesota 
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factors affecting contact design. Moto 
and lamp loads draw very high in-rus! 
currents upon contact closure. Induc 
tive loads such as relays and solenoids 
and motor field windings, have high 
inductive energy which must be dis 
sipated upon the opening of their cir 
cuits. DC circuits are far more injurious 
to contacts than ac circuits. A frequent 
derating is to guarantee the same life 
(say 100,000 operations) for 115 volt 
ac and 28 volt de circuits drawing the 
same rms current. With inductive loads, 
or loads drawing high inrush currents, 
contacts may be derated to 25% to 10% 
of their resistive load ratings. 

Contact performance is very difficult 
to predict except by comparison with 
known results from tests performed 
under very similar conditions. Further- 
more, accelerating a life test either by 
current or voltage overload, or by in- 
creased frequency of contact operation 
is not practical. It is therefore especial- 
ly important to coordinate contact 
specifications with the timer manufac- 
turer. This is as true for an underload 
as well as overload. Some contact ma- 
‘erials do not do well at all when volt- 
age or current are below certain limits. 
Low voltages may not be able to break 
through a surface film upon contact 
closure. Low current also prevents the 
slight fusing of filaments which means 
low contact resistance. 


Because of the special importance of 
the contact problem, it is often advis- 
able to incorporate spark suppression 
circuitry. This generally takes the form 
of series RC circuits across the contacts, 
or reverse energized diodes which break 
down when their inverse voltage rating 
is exceeded, thereby limiting peak volt- 
ages across the contacts. Design of 
these circuits is best carried out on a 
trial and error basis. Although spark 
suppression circuits introduce time de- 
lays in the completion of contact opera- 
tion, they are extremely important 
where long life under difficult but uni- 
form load conditions is required. Obvi- 
ously load duty cycle, which is related 
to the frequency of timer operation and 
to the temperature rise occurring in the 
contacts (or in the entire timing ap- 
paratus for that matter), affects contact 
pressure. Spring constants establishing 
contact pressure are particularly sensi- 
tive to temperature. 

In certain types of timers a constant 
speed motor may drive a set of brushes 
(contacts) over a printed circuit plate, 
where a pattern establishes the timing 
and contact closure sequences. At low- 
brush speed, the contacts make and 
break so slowly that considerable arc- 
ing and pitting may occur. As a result 
contact rating may drop to 1% of the 
rating for contacts operating by snap 
action. 

Other factors of importance include 
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accuracy, repeatability, reliability, en- 
vironmental conditions, and cost. Fac- Ow ht rad i ba | iy wee Tara ware), 

loto tors such as ease of adjustment, manner 

Tus] of setting, read-out, remote indication, 

duc are more or less important depending 

oids on the specific application. Where a 

hig! timer is to be used in a series of similar 

dis but not identical processes, such as in 

cil setting up a curing cycle for varnishes 

rious (where the timing will vary from one | 

juent job to another) ease of setting up the | 

- life timer is important. This set-up must | 

volt include a check of accuracy which is 

; the best done by running through an ap- 

ads proximate time cycle, and then making 


ents, final adjustment. Where important pro- Ra gs | 
10% duction processes are dependent on the s 


timer, down time resulting either from 








ficult setting up, or from operational defects, | mi é re iatu re 
with must be kept to an absolute minimum. | 

‘med Where a timer is used over a long in- 

ther- terval, readjustment may be necessary 

r by due to ageing or wear of components. 

y in- 

are TIMER COMBINATIONS 

cial- 

ntact In complex timing applications, it is 

ufac- often necessary to use timers in inter- | 

‘load connected circuits. This is especially | 

ma- so when widely differing intervals are 

volt- required in different portions of a time 

mits. cycle. Since a timer is not accurate : f 

reak near the lowest portion if its range, dif- | : Cc - 
ntact ferently rated timers are required. Thus, | 


; the a series of timing intervals measured | i ae, E £re 
eans in seconds may be required after in- | 

tervals measured in hours. Here a timer | 
ce of with a range measured in hours may be | NOTIO ~ eS 





dvis- set to operate after the required inter- 
ssion val. Its output may then energize one 
form or more timers with ranges in seconds 
acts, which may be completely different 
yreak types from the longer interval unit, per- | 
ating haps electronic. Accuracy of the short- | 
volt- interval timers may be very high if | 
n of required by the application. Comple- 
on a tion of the time sequence may then 
park reset the long interval timer. Where 
» de- the above sequence must be related 
pera- to the time of day, the long interval LOW FRICTION and WEAR 
rtant times may then be reset each day man- 
uni- ually; it may be reset by a signal from LASTING PRECISION ALIGNMENT 
Ybvi- a clock, or it may in itself be a “clock” ELIMINATE BINDING and CHATTER 
lated driven by a line excited synchronous ZERO SHAKE or PLAY 
and motor. Often combinations of simple 
1 the timers may be used in place of complex LONG LIFE—LOW MAINTENANCE 
ap- special purpose timers. Factors relating SOLVES SLIDING LUBRICATION PROBLEMS 
ntact to cost, maintainability and availability 
hing of replacements may be decisive in | . . : ; 
ensi- making a choice. | Used by progressive engineers in the latest guidance, 

In timing problems, it is important | fire control and navigation systems, computers, inertial 
senk to establish the exact sequence of | ‘ * 1 , 
ishes events, step-by-step, over a complete | devices, instruments. 
ate, time interval. This must include a de- | 
ning scription of the circuit before, during, | Various types of BALL BusHiNGs are made for shaft sizes from Ye” to 4”... 
low- and after the timing cycle; the nature | with small sizes available in Stainless Steel. Write for literature and name 
ond of the external circuitry as related to | of our representative in your city. 
aro the number and rating of contacts; the | 
esult need for automatic reset; the behavior 
: the in the event of power failure; factors | 
snap relating to readout, ease of setting, ac- THOMSON INDUSTRIES y 

, 4c. 
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AIRMOVER SOLUTION # FBT 02131B 


URGENT CALL . . . URGENT PROBLEM!!! man on phone 
indicates . . . high capacity centrifugal blowers designed to cool 
his transmitting tubes, delivering insufficient air to meet require- 
ments — current supplier will not redesign!!! “and time waits for 


no one’. 


SOLUTION 


TO AN 
AIRMOVER 
PROBLEM 


iC EASTERN DIVISION — supplier of creative solutions, armed 
with years of experience, waded in and solved the problem by 
providing a unit to meet his exact requirement — a unit delivering 
2000 cfm at 11” H.O. Now known as Model FBT 02131B, this unit 
was DESIGNED, DELIVERED, TESTED AND ACCEPTED IN 
21% WEEKS, and with a unit 40% smaller than original design. 


Beyond the immediate need, imc also pointed out to design 
engineers overdesigned airmovers in existing applications — and 
savings made possible by precisely matching blower, fan and vane 
axial specifications to each application. 


Thus at imc there's no need to compromise your cooling require- 
ments . . . imc specialists will supply a solution — whether your 
problem is for air delivery of 1 cfm and up, extreme temperature, 
weight, space, size or environmental conditions. 


Solutions are an imc specialty . .. may we send you an airmover 
equipment portfolio or supply a solution to your specific problem? 


s 
SFYC MAGNETICS CORP./EASTERN DIVISION 
570 Main Street e Westbury, L.I., New York e ED 4-7070 e TWX WESTBURY N.Y. 5250-U 





OTHER PRODUCTS: heat exchangers/synchronous and torque motors/induction 
motors/servo motors and motor tachometers/dc motors/dynamotors and inverters 
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curacy, long term repeatability, ete. 
Future parts of this Components Digest 
will review these timer system design 
factors in detail, and will discuss the 
features and limitations of important 
types of timers used today. eee 
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Microwave Anechoic Chamber 


Thirty-one page brochure describes the 
simplest box type anechoic chamber, 
transverse baffle types, aperature types 
and the latest longitudinal baffle types. 
Details of construction are shown to- 
gether with illustrations of each type of 
chamber designed and built to meet 
specific requirements of frequency 
range, working conditions, etc. Typical 
specs serve as a useful selection guide. 
Source: Emerson & Cuming, Inc. 


Canton, Mass. 
For Your Copy: Write No. 840 on Inquiry Card 





Selective Plating 


In addition to discussing problems 
solved by a new high-speed selective 
plating process, called Selectron, an 8- 
page brochure lists available equip- 
ment, techniques, and results achieved. 
It also contains a question-and-answer 
section for a quick overall idea of 
process capabilities. A special rectifier, 
metallo-organic solutions, and a variety 
of styluses to achieve dense deposits 
of almost any metal on any base metal, 
are utilized in the process. Plating may 
be confined to small or large areas. Un- 
usual metals—even binary or ternary al- 
loys—can be deposited. 

Source: Selectrons, Ltd. 


New York, N. Y. 
For Your Copy: Write No. 839 on Inquiry Card 


Adhesives and Coatings 


Listings the uses, characteristics and 
general properties of over 170 differ- 
ent adhesives, coatings and sealers, a 
12-page catalog contains 8 informative 
fold-out tables. The catalog aids in 
selecting the proper adhesive, coating 
or sealer for specific applications and 
helps in determining similarities and 
major differences between products 
having the same base material. For a 
copy write on company letterhead to: 
Adhesives, Coatings & Sealers Div. 


Minnesota Mining & Manufacturing Co. 
900 Bush Ave., St. Paul, Minn. 
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THE BUCK ENDS HERE 


By Herbert F. Spirer 


That look: Complainiug, impatient, irritated, disgusted. 
The plaint that accompanies it is invariably familiar—“I 
have to do everything around here—no one thinks for 
himself—why can’t I get people who will take responsi- 
bility?” It can be heard anywhere, from anyone: in the 
boiler room from the superintendent, in the drafting room 
from the chief draftsman, on the production line from the 
foreman, in the lab from the chief engineer, in the oak- 
panelled office from the company president. 

The complainers have in common the belief that with- 
out their constant presence, attention to detail, thinking 
ahead, the operation will fall apart. Unfortunately they 
are often correct in this belief. When they look around 
for a successor, they draw a blank. 

How disappointing, often, is the attempt to develop a 
successor and an effective second-in-command. Typical 
expressions of such disappointment go something like this: 

“Young Rodney, for instance—This time we hired a bright, 
ambitious young kid to teach him the right way (our way) 
without need for unlearning bad habits . . . Young Rodney 
is now safe in a non-responsible specialist’s job.” 

“Mature Throckmorton—We hired him at great expense 
from a competitor at the pinnacle of his career. Experienced, 
knowledgable, subtle in human relations, he was going to 
tell management how to run the company. Ah, those early 
days! “Throckmorton, this is your show. Take it over, you're 
the boss here! Look upon me as an advisor, you can take 
it or leave it.’ “. . . Throckmorton now hides behind The 
Wall Street Journal avoiding problems of any kind, making 
sure he has the records that will protect him in case of any 
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inter-departmental conflict. He initials purchase requisitions 
with great care for his boss to sign.” 

“Plimsol—We promoted him from the inside. He was the 
ball of fire that dropped his map and said, ‘Boss, I can 
run that production line’. So we let him . . . He ran it 
right over to the chief competitor after buying loyalty with 
raises. Plimsol could do it, all right, but for himself, not 
the boss.” 

“Then we found Limpburger. He was pliable, eager to 
learn, willing to work his way up under constant tutelage. 
We nurtured him carefully, step by step, up and up, until 
—swish—he slipped into lethargic conformity.” 

It is possible to develop, obtain, and hold managers for 
jobs involving responsibility and independent action. Some 
people are masters at getting other people to do the think- 
ing as well as the work. And these employees seem to enjoy 
it more. 

The problem of finding a successor can be divided into 
three major parts; first, hiring an employee who will be 
self-starting; second, developing in him the ability and 
desire to take responsibility; and third, holding on to him 
after he shows the desirable qualities. 

In this column we shall consider the second problem, 
developing the ability and desire to assume responsibility. 
It is true that every person has limitations which greatly 
influence his ultimate ability for independent thought. 
Within these limitations, however, the supervisor can en- 
courage the highest level of performance. 

No matter what arguments the disappointed manager 
provides, the responsibility for mediocre employee per- 
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formance is his. Not only is it his responsibility, but the 
reasons for failure most likely lie in his personality and his 
behavior toward the employees. 

To help the manager see himself and his action, a list 
of questions he can pose to himself is given below. The 
final question is one every manager must face, especially 
if he has achieved success and really believes that he can 
depend on no one. 

1. Do you communicate your general goals to employees 
sincerely and in detail, not in vague generalities which 
change from week to week? 

2. Do you keep your subordinates loaded with detailed 
instructions for carrying out your plans? Are they so busy 
getting things done for you, supplying you with informa- 
tion, that they are unable to evaluate the situation? 

3. Do you help people to do their jobs, or are you really 
not communicating the techniques? Lack of communication 
can come from hidden motives: often there is a genuine 
fear on the part of the manager that his position isn’t secure, 
and that communication might further endanger it. 

4. Do you tell people the decisions are theirs and then, 
by argument, convince them to do it your way? You may 
win all the arguments and lose the battle. This is a fault 
more common than is realized. The boss must learn that 
to the other person he is the guy who signs the paychecks. 

5. Do you let an employee make his own mistakes? 
There are times when the most useful thing you can do is 
to let someone make a mistake you can prevent. This does 
not mean to be negligent; it means a critical judgment to 
let a man proceed on a course of action that you are certain 
will prove futile. Done without care, you can destroy your 
operations; done with purpose, you can create a manager. 

6. Do you reward failure so harshly that you discourage 
risk-taking? Remember that mistakes must be accepted as 
the price of working in the real world. This brings us 
tO sje.8 

7. Do you ever make a mistake? And do you admit 
it to yourself and recognize mistakes as part of the game? 
It’s overall success that counts, you know it yourself, but 
do you make allowances for others? 

8. Do you find yourself doing all the talking? It’s all 
too easy when you pay the listeners. Do you really listen 
to your employees? 

9. Do you let your potential manager do the hiring? It 
is important to let people grow their own staff if they are 
to feel responsible for it, and gain its loyalty. An employee 
always has a tendency to identify the person who hires 
him with company authority. 

And now we come to the question whose statement may 
help you to realize why you can’t find a successor .. . 

10. Would you, as you were ten years ago—ambitious, 
aggressive, looking for responsibility, independent—work 
for yourself as you are today? eee 
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Tubing and Wiring 


Reference manual contains 76 pages of materials and 
specs, recommended applications and latest techniques 
for mounting tubing, wiring and similar hardware. Also 
includes descriptions of clamps, brackets, shims and line 
supports for almost any application. 

Source: TA Mfg, Co. 


Los Angeles, Calif. 
For Your Copy: Write No. 837 in Box on Inquiry Card 
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Heat-treated Berylco con- 
tacts, silver-plated. Color- & 

coded nylon insulators. 4 ~ 
Available withturret,spade, Be 4 ~S 
taper pin, slotted or feed- : 
thru terminals... standard, 
back-mounting or limited- 
space mounting shells. 


LOW COST 
printed circuit 
TEST JACKS 


Gold -over-silver- plated 
Berylco contacts per MIL-F- 
14072, M-310. Nylon bodies 
in 11 standard code colors. 
Simplified construction af- 
fords economical use in all 
quantities. Immediate deliv- 
ery from stock. 





FOR FULL ENGINEERING DETAILS, CIRCLE INQUIRY CARD NO. 71 





TORSION CONTACT 
printed circuit 
CONNECTORS 


Rolled contact points (see 
separate illustrations at 
right) ensure high pressure, 
clean connection without 
scoring...allows .020" varia- 
tion in card thickness with- 
out setting contacts. Polar- 
izing keys available. 


FOR FULL ENGINEERING DETAILS, CIRCLE INQUIRY CARD NO. 72 


BOOTHS 2535 - 2536 I.R.E. SHOW 


The UCINITE 
COMPANY 


Division of United-Carr Fastener Corp. 





Newtonville 60, Mass. 
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LOW LEVEL 


SWITCHING 


TYPICAL 
CHARACTERISTICS BEING USED IN 


e| a 'EBO, National PCM Telemetering 
ee pookaions 
PE RFECT Los » High Level 
Solid State Silicon iisieacetta sd 
Ch 
SWITCH as 


Production Quantities 
Available Now! 


For the custom-made solution to your design problem, 
and complete technical information, call or write: 


P.O. Box 443, Danbury, Conn. ¢ Ploneer 3-7624 © TWX DANB 452-U 
See us at IRE Booth #1929 
CIRCLE NO. 44 ON INQUIRY CARD 
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SEMICONDUCTOR DEVICES 


in Electromechanical Engineering 


Electromechanical engineers are not 
generally required to be proficient cir- 
cuit designers. But this doesn’t mean 
they don’t need to be well informed 
about semiconductors. With the rapid 
progress in development of semicon- 
ductor products, the electromechanical 
engineer will find it more and more 
difficult to overlook semiconductors in 
surveying and evaluating solutions to 
design problems or to avoid responsi- 
bilities in the design of equipment in 
which semiconductors are used. 

The responsible electromechanical 
engineer will be required to be familiar 
with the different types of semiconduc- 
tors, their distinguishing characteristics, 
what they do, their limitations, and 
how they compare with competitive 
devices. He should develop sufficient 
understanding to know when to use 
semiconductors and the special engi- 
neering and design skills required in 
their application. Also, and just as im- 
portant, he should know when not to 
use semiconductors, since incorrect ap- 
plication can be costly and lead to 
to inferior design. 

This article introduces a series on 
semiconductors written strictly for the 
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electromechanical engineer and _ de- 
signed to tell him what he needs to 
know in the selection and application 
of these devices. 

This first part of the series will be 
confined to background information 
covering general properties of semicon- 
ductors, their advantages and disad- 
vantages and some problems in their 
application. 

The section ends with a description, 
in generalized form, of a typical de- 
velopment program involving semicon- 
ductors, pointing out areas of responsi- 
bility of electromechanical engineers 
in the program. Subsequent sections 
in future issues will attempt to provide 
the necessary information and _ proce- 
dures for fulfilling these responsibilities. 


General Properties 


Semiconductors are a class of materials 
that lie between metals and insulators 
in their ability to conduct electricity. 
The mechanisms of conduction in semi- 
conductors differ markedly from those 
in metals. 

In metals, free electrons respond to 
the application of an electric field by 
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moving toward the positive electrode 
while additional electrons are provided 
at the negative electrode to maintain 
a zero net charge on the conductor. 

In semiconductors, conduction takes 
place by means of free holes (vacancies 
which can be occupied by electrons) 
and free electrons, called carriers. Some 
types of semiconductor materials are 
characterized by the presence of holes, 
while other types are characterized by 
free electrons, although far fewer than 
in metals. Both types of semiconductor 
materials may be manufactured with 
controlled properties, and various layers 
of these materials, connected to exter- 
nal electrodes, may be manufactured 
to provide a wide range of devices 
with controlled properties. 

Semiconductor action is somewhat 
analagous to the controlled flow of 
electrons in a vacuum tube, where flow 
is governed by electrode potential. In 
semiconductors, the differing mechan- 
isms of conduction in the two types and 
the application of suitable electrode 
potentials to the separate layers of the 
“sandwich” lead to a host of useful 
devices where conduction may be con- 
veniently controlled by externally ap- 
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plied signals. Probably the principal 
devices are the semiconductor rectifier 
and the transistor, which have been 
developed to a high degree of perfec- 
tion and great varieties of specialized 
types are available. However, many 
other kinds of semiconductor devices 
are available and more are constantly 
appearing. 

Perhaps the most significant advan- 
tages of semiconductors are their relia- 
bility, electrical efficiency and com- 
pactness. Since they have no known 
failure mechanisms to limit life ex- 
pectancy when they are used within 
ratings, they will operate in excess of 
30,000 hours at maximum ratings wi'h- 
out appreciable degradation. 

Semi-conductors, specifically transis- 
tors, are capable of performing many 
of the functions of electron tubes with 
high efficiency. Absence of heater or 
filament requirements means _ instant 
operation (no warmup), as well as in- 
creased efficiency. The comparatively 
high efficiencies of semiconductor de- 
vices are particularly striking in switch- 
ing applications, where power outputs 


ranging from tens of watts to kilowatts 
are handled. Their impact across the 
broad field of industrial control as well 
as the military field has been tre- 
mendous. 

The compactness of semiconductors 
has led, for example, to the building 
of high-power audio-amplifiers in much 
less volume than that previously occu- 
pied by a single electron tube. The 
savings in plate and heater power has 
led to correspondingly large reductions 
in the bulk of power supplies. 

Semiconductors have really come into 
their own in large digital computers 
where their very small size and high 
speed (also a product of small size 
leading to very low stray capacitance) 
have permitted the development of 
extremely complex devices. Without 
semi-conductors, such devices would 
have been impractically large, much less 
reliable and would have dissipated tre- 
mendous power. 

Microminiaturization processes, which 
must be taken seriously today, aim at 
the development of increasingly com- 
plex semiconductor devices where 
many layers of semiconductor material 
are built up into “sandwiches” to per- 
form desired functions. Materials engi- 
neers predict that this sandwiching 
technique will lead to the development 
of complete circuits smaller than pres- 
ent day transistors. Work being done 


on thin films and an increasing under- 
standing of solid state phenomena are 
hastening fulfillment of this prediction. 
Many companies have already manu- 
factured samples. 

An important benefit of the wide- 
spread use of semiconductors has been 
the simplification of mechanical packag- 
ing, where complete encapsulation of 
sub-assemblies provides remarkable 
ruggedness at low cost. Shock and vi- 
bration are less serious problems today, 
even with increasing severity of speci- 
fications. Fans and blowers, formerly 
required in most electronic gear, are 
decreasing in importance. 


Application Problems 


Semiconductors are more difficult to 
work with than vacuum tubes because 
they have a greater number of critical 
parameters. The great varieties of semi- 
conductors available, the difficulty of 
knowing which of their many param- 
eters are important, and the prohibi- 
tive cost of selecting only the “best” 
make careful engineering and experi- 
mental evaluation necessary. Just about 
every new transistor circuit with a 
future requires skilled engineering. 
Special precautions and experimental 
techniques are required in laboratory 
work with transistors. Heat shunts are 
frequently necessary in soldering or 








The Tiny New PRESSURE 
TRANSDUCER that goes along 





with the BIRD! 


Space is at a premium... accurate pressure measurements of 
0.25% are required over a wide temperature range. The answer is 
Taber’s tiny reliable TELEFLIGHT, the miniature transducer 
with Bonded Strain Gage construction that has extremely low sen- 
sitivity to vibration and shock. When the Teleflight is subjected to 
zero gravity conditions (as in space flight where convection cooling 
is non-existent) the Ni-Span proving ring acts as a heat sink and 
conducts heat AWAY from the resis- 
tance gages to the instrument case. 
Measures corrosive gas and liquid pres- 
sures including fuming NITRIC ACID. 
With factory modifications will handle 
Fluorine. 200% overload protection built 
in at no extra cost. Taber Indicators or 
standard make recorders can be used as read 
out instruments. Infinite resolution, Linearity 
0.25%, Hysteresis 0.25%, Temperature — 150° 
to 275° F., Repeatability within 0.1%, Pres- 
sure Ranges 0-1,000 PSIA or PSIG. Taber also 
produces a complete line of miniature transistor 
amplifiers. 










Exclusive feature is pressure 


Write for lilustrated Literature cavity that is easy to clean 


qe TABER out during ground testing 
by simply removing 8 
INSTRUMENT CORPORATION screws. 
Where the Accent is on Accuracy & Fatiabilily" 
® Section 244 107 Goundry St. North Tonawanda, N. Y. 
Telephone: NX3-8900 e TWX-TON 277 
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insoldering (for this purpose, a pliers 
may be applied between the source of 
heat and the semiconductor). Even 
an ohm-meter with its internal batteries 
may inflict damage on a transistor (a 
good transistor checker is recom- 
mended). Microsecond transients can 
ruin a ten dollar transistor with sur- 
prising ease. During the optimization 
of a power inverter, for example, the 
transistors can be permanently dam- 
aged by switching capacitor decade 
boxes in the circuit. The power may 
have to be shut off as decade settings 
are changed. Similarly, line transients 
can break down a transistor, making 
experimental work very exasperating. 
A transistor should never be plugged in 
or unplugged with power on. In the 
next several paragraphs we will exam- 
ine other factors that make semicon- 
ductors less than perfect. 

One such factor is the low input im- 
pedance of transistor devices com- 
pared with that of vacuum tubes. This 
factor can be overcome by use of high 
negative feedback-type, low-gain input 
stages. But a vacuum tube can provide 
high impedance level with greater sim- 
plicity and much more economically. 
In a typical design problem, a resist- 
ance attenuator feeding a transistorized 
de amplifier may introduce varying bias 
points of the transistor input as atten- 
uator setting is changed. 


Another factor that should be kept 
in mind in the application of semicon- 
ductors is the danger they will be per- 
manently damaged by storage above 
their rated temperature limit. Such a 
danger is not a practical factor in the 
use of vacuum tube devices. 

In operation of transistors, the limit- 
ing temperature is at the junction, 
which is not ordinarily accessible. Of- 
ten a great deal of effort is therefore 
expended in measuring junction dissi- 
pation. Because of time lags in heat 
transfer from junction to heat sink, 
peak junction dissipations must be 
limited since they can result in exces- 
sive heating even though the tempera- 
ture rise at the heat sink, which is a 
measure of average dissipation, is with- 
in safe limits. The manufacturer’s de- 
rating factors indicate permissible junc- 
tion dissipation as a function of ambient 
temperature. Thermal resistance data 
provided by the manufacturer relates 
dissipation to temperature rise. “Ther- 
mal runaway,” a phenomenon most pre- 
valent in semiconductor circuits must 
be avoided by limiting collector power 
dissipation and by designing stable cir- 
cuitry. 

A great variety of maximum voltage 
limits must be considered in transistor 
applications. These include: maximum 
collector to base breakdown voltage. 
maximum base to emitter reverse break- 


down voltage and maximum collector to 
emitter breakdown voltage, terms to be 
explained later in this series. By com- 
parison, in designing with vacuum 
tubes, electrode voltages are rarely re- 
quired to be high enough to warrant 
concern. The peak inverse voltage for 
a vacuum tube rectifier is comparable 
to a similar parameter for a semicon- 
ductor diode. It is important to remem- 
ber that maximum voltage parameters 
for transistors are functions of tempera- 
ture, and that high voltage problems 
occur primarily at high temperatures. 
The restrictions imposed on the circuit 
designer by these limits are such as to 
require eternal vigilance to assure that 
ratings are not exceeded. A common 
example is in the push-pull circuitry 
of de to ac circuits where collector to 
base voltage is at least double the sup- 
ply voltage, and possibly more in the 
presence of inductive circuit transients. 

Other temperature considerations in 
semiconductor aplications are: restrict 
maximum junction temperatures which 
lead to excessive leakage currents, re- 
strict lower temperatures which ad- 
versely effect base to emitter voltage 
drop, design circuits for high stability, 
allow for overall performance change 
due to variation of parameters, and in 
general design circuitry to minimize 
temperature effects by any of the many 
techniques available. Abundant use of 
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Combine "Movabll Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLO 


for these 5 major reasons: 


1, LOWER COEFFICIENT OF FRICTION 
..ideal where lubrication is impossible or undesirable. 


2. WITHSTAND EXTREME VIBRATION bh 
..perfect performance under shock load conditions. 


3. WILL NOT “COLD-FLOW” 


..even under extreme load conditions. 
4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS 


..eliminates corrosion problems. 
5. FAIL-SAFE .. 
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.due to ““Monoball”® design. 


Request Engineering manual No. 551. 


N’’® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 


In addition, due to their two-piece “MONOBALL’’® 


design and plastic alloy insert, “DYFLON”® bear- 


ings have a long cycle life. Alignment and installa- 


tion problems are minimized. Oil-free for life 


means lowest possible maintenance costs. 


Available in a variety of plain or rod end types. 
Bore sizes to 3.000”. 
steel, plastic alloys and chrome alloy steels. Ulti- 


Materials include stainless 


mate static loads to 500,000 Ibs. 
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WHAT’S Ik 
LIFE 


In precision potentiometers, Engineers and Purchasing Agents are becoming more concerned 
with the overall life of the units they buy. They are learning to evaluate potentiometers 
better. They know that in precision potentiometers, it’s useful life that counts! Useful life 
... Performance over life ... Conformity in terms of resolution, noise and environmental 


characteristics, over life. 


How long after you put a potentiometer in a system can you expect it to operate without 
degrading the system itself? What would you expect to happen at the end of one-fifth, one- 
half or three-fourth’s rated life? Would you expect degradation? And to what degree? These 
are the questions asked by the more sophisticated Engineers and PA’s. They have learned to 
understand life better. They no longer think of life in terms of millions of cycles but rather 


how much of life is useful. 

When you want useful life in precision poten- 
tiometers, look to Fairchild! Fairchild builds 
units that operate to 20-million cycles with very 
little degradation, and with initial performance 
characteristics far superior to those of any other 
manufacturer! 


AIRCHILD 


CONTROLS CORPORATION 





A Subsidiary of Fairchild Camera and instrument Corporation 


225 Park Avenue, Hicksville, L. I., N. Y. 







Get the facts of “POT” life. Write 
for this in- 
formative cat- 
alog that de- 
scribes Fair- 
child’s com- 
plete line of 
high-precision, 
wirewound po- 
tentiometers — 
for aircraft sys- 
tems, missiles, 
computer assem- 
blies, calibration 
controls, servomech- 
anisms, industria! 
control systems. 


6111 E. Washington Blvd., Los Angeles, Calif. 


TRANSDUCERS ¢ RATE GYROS ¢ POTENTIOMETERS « ACCELEROMETERS 
CIRCLE NO. 47 ON INQUIRY CARD 











COMPONENTS € 
CIGEST 


negative feedback and balanced ampli 
fier circuits are recommended. 
Frequency response is a significant 
factor in selection of transistors since 
it is limited by transit time of charge 
carriers, whereas it is generally unim- 
portant in vacuum tube devices. Al- 
though improvements in _ transistor 
manufacturing have increased the us- 
able upper frequency substantially, this 
limitation deserves attention. In switch- 
ing applications, switching time and 
dissipation during switching depend di- 
rectly on the upper frequency limit. 
Transistors also exhibit aging effects, 
which manufacturers sometimes mini- 
mize by a pre-aging cycle, perhaps 100 
hours at the maximum ambient tem- 
perature. Pre-aging stabilizes the char- 
acteristics. 


Phases in Semiconductor Application 


To suggest the kind of information 
this series of articles will cover, this 
section will describe, in generalized 
form, a typical semiconductor applica- 
tion program, pointing out the respon- 
sibilities of the electromechanical engi- 
neer and the information he needs to 
fulfill these responsibilities. 

Need for a semiconductor device may 
arise where a mathematical black box 
prescribed by a systems engineer must 
be transformed into hardware, or where 
a general-purpose product is to be 
developed, production engineered, and 
packaged for general application. The 
starting point is a set of specifications 
based upon system requirements, or 
a demand for high performance and 
flexibility in a product for general ap- 
plication. A decision to use semicon- 
ductors for the design should be based 
upon careful analysis of the require- 
ments and full knowledge of the cap- 
abilities of semiconductors as compared 
with those of competitive devices. For 
this analysis the electromechanical en- 
gineer and the circuits designer should 
collaborate in deciding the type of cir- 
cuit to be used, the expected efficien- 
cies, the amount of heat generated and 
how it is to be dissipated. Often these 
decisions must take into account im- 
portant factors in design of the overall 
equipment, such as ambient tempera- 
tures, outline and mounting dimensions, 
heat sinks and cooling methods. In 
many cases the major part of the heat 
is generated in one or two transistors. 
Such critical units must be very favor- 
ably located for heat dissipation and 
where possible they should be_pro- 
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t-cted by a cooling air stream, or at 
least a solid heat sink. 

Commercially available heat sinks 
mounted with semiconductors may 
sometimes cut junction temperature to 
the point where low cost germanium 
may be substituted for silicon. Of 
course other factors, such as higher 
impedance levels may dictate the use 
of silicon. 

In any case, general decisions should 
be made early in the program, supple- 
menting the original performance 
specifications. Environmental tests, and 
pertient government and company 
standards should be added in accord- 
ance with the overall requirements of 
the system. 

At this point, the job is the concern 
of the circuit designer. He must sketch 
out schematics based upon his know- 
ledge of circuitry, the characteristics of 
suitable transistors (including price) 
and a host of analytical techniques and 
design formulas. Here he may draw 
extensively from published literature. 
Special purpose design charts and 
nomographs are published almost con- 
stantly in the technical magazines and 
the skilled circuits man will have an 
extensive file to draw on. Where circuit 
complexity or complicated nonlineari- 
ties preclude an accurate analysis, these 
problems may be by-passed, to be 
worked out on the breadboard itself. 

When the breadboard is constructed 
the circuit designer checks his biases 
and all voltages related to safe ratings 
of the semiconductors. A lot of cut and 
try is required at this stage. Transistors 
are mounted on a rough approximation 
of the final heat sink, and dissipation 
and junction temperatures are meas- 
ured. Finally, best possible perform- 
ance of the circuit is obtained, meas- 
ured performance is compared with 
specifications and a reconciliation of 
the differences is attempted. 

The next phase depends on how well 
the circuit designer has kept produc- 
tion requirements in mind during the 
breadboard phase. The following ques- 
tions arise: 
® Will the unit meet performance re- 
quirements as supply voltage is varied 
over the specified ranges (where ap- 
plicable) of frequency, voltage and 
waveform (% distortion), and will it 
suffer without damage the transients 
and spikes described in pertinent mili- 
tary specifications? 
¢ Will the unit meet performance 
specifications over the prescribed tem- 
perature range? This requirement is 
particularly important in view of the 
relatively high sensitivity of transistor 
circuitry in comparison, for example, 
with vacuum tube circuitry. It may be 
necessary to prescribe temperature 
compensation to overcome effects of 
certain varying parameters. Stability 
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SPECIAL 

INDUCTION 
MOTORS . 
FROM KEARFOTT 


Kearfott Special Induction Motors meet the needs of a 
wide range of application problems. The motors shown 
here represent only a part of the many types available for 
the most demanding loads and environmental conditions. 














F-25-2 | 12.4 H.P.-COMPACT INDUCTION MOTORS 


A uniquely compact, 3-phase induction motor for axial vane blower 


applications, only 542” diameter, 93,” long. 


Input: 200 volts, 400 cps, 3 phase 
10.1 KW at full load 


Output: 12.4 H.P., 11,600 RPM 
Weight: 17.72 Ibs. 


DF-15-5 | EXPLOSION-PROOF INDUCTION MOTOR 
A miniature, base mounted, totally enclosed, fan cooled motor de- 
signed to drive airborne jet-fuel pumps. High starting torque is 
equally applicable to driving gear pumps and compressors. 
Input: 208 volts,400 cps, 3 phase 

173 watts at full load 
Output: 0.15 H.P.,5,300 RPM 
Weight: 4.75 Ibs. 


BF-15-14 | TOTALLY ENCLOSED FAN-COOLED INDUCTION MOTOR 
This motor is designed as the driving unit for fuel, air, and hydraulic 
pumps for aircraft under severe environmental conditions. 

Input: 115 volts, 400 cps, 3 phase 
Output: .03 H.P., 10,000 RPM 

Weight: 1 Ib. 3% 0z. 


TYPICAL CHARACTERISTICS 









TYPICAL CHARACTERISTICS 





TYPICAL CHARACTERISTICS 


A-10-11 | HIGH TEMPERATURE 
SPLIT-CAPACITOR INDUCTION MOTOR 


This subminiature motor is designed to operate over the ambient 
temperature range of —55° C to +125° C. It can be supplied to 
drive either vane or axial-type fans for chassis cooling. 
Input: 115 volts, 400 cps, 3 phase 

11.5 watts at full load 
Output: 1/400H.P., 10,500 RPM 
Weight: 3.5 oz. 


TYPICAL CHARACTERISTICS 








Write for complete data 
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IDL offers 
“STANDARD” TELEMETERING COMMUTATORS 


which can 
Satisfy 98%* of 
PAM and PDM 
System 
Requirements 
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Within these two case configurations, IDL will provide 
sampling rates, channel density, low noise level operations 
and motor characteristics specified by IRIG requirements 
in telemetering systems. The possible combinations offered 
by this production plan are so numerous that most tele- 
metering requirements can be met. 


To the systems designer, these “Standard” Telemetering 
Commutators offer tremendous advantages: 
1. Uniform installation requirements 
2. Shorter delivery schedules 
Uniform quality and workmanship 
. Long, service-free unattended life 
. Missile reliability 
. Uniform pricing 
Unlimited production capacity for follow-on 
*We try, but we can’t satisfy everybody. 


NOUAW 


For complete information, write for IDL brochure “New 
‘Standard’ Telemetering Commutators”. 





ay 

INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
Subsidiary of Royal McBee Corporation 

66 MECHANIC STREET, ATTLEBORO, MASSACHUSETTS, U.S.A, 
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requirements may dictate the use of 
more costly silicon semiconductors 
Since capacitors are also sensitive to 
temperature, great care is often re- 
quired in their selection. Stable, mini- 
ature, high temperature capacitors can 
easily cost 10 to 20 times the price of 
more ordinary types. 

® Will the unit withstand severe envi- 
ronmental conditions? Although at this 
stage we only have a breadboard, com- 
ponents may be selected which are in- 
dividually rated to meet environmental 
tests. If some one component repre- 
sents a fundamental limit to reliability, 
this fact may well become the basis of 
a separate study. 

® Can the unit be packaged in accord- 
ance with good mechanical design and 
production techniques? Successful 
packaging means of course that compo- 
nents be compatible with packing re- 
quirements as to size, shape and means 
of mounting. Cost may very well be a 
factor here since many components can 
be surprisingly expensive when maxi- 
mum reliability is required in a very 
small size. 

The more thoroughly the above 
questions are faced by the circuit de- 
signer, the easier will be the electro- 
mechanical engineer’s job of complet- 
ing the design. 

Transfer .of the job to the electro- 
mechanical engineer at this point may 
be more or less formal, depending on 
the organization of the company, but 
it should include extensive discussions 
of those performance factors that can 
affect packaging decisions. Minimum 
considerations should include: 
® Review of specifications and com- 
parison with experimental data. 
® Review of whatever work has been 
carried out as described in the previous 
questions. 
© Estimates of tolerances on all com- 
ponents. 
® Selection of suppliers and part num- 
bers for all components. 
© Explanation of critical or marginal 
circuit features— where will trouble 
most likely occur in qualification test- 
ing, and in production? 
® General aspects of the packaging — 
positioning of units with marginal tem- 
perature characteristics, sensitivity of 
components to shock, etc. 
© Need for adjustable components, 
trimming, selection of parts. These fac- 
tors can greatly increase cost of manu- 
facture, reduce reliability, and compli- 
cate servicing. 
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In spite of any deficiencies the elec- 
tromechanical engineer may have in 
following subtle circuit theory, he must 
see the complete picture in terms of 
tolerances, thermal limits, critical com- 
ponents, and all those factors which 
may cause the final product to differ 
significantly from the breadboard. Al- 
though he may of course check with 
the circuits man at any time, the elec- 
tromechanical designer will find that 
the project has become his. He is now 
nearly on his own, and will soon dis- 
cover, if he doesn’t already know, that 
the “finished” circuit is only the begin- 
ning and that the production design 
will require far more engineering time 
than the breadboard. 

An important aspect of the electro- 
mechanical engineer’s job is to know 
when to ask for advice. Early in the 
program he should review all aspects 
of the design with qualified specialists, 
checking the validity of work done, and 
looking extremely critically for loop- 
holes and possible trouble spots. 

Any background the electromechani- 
cal designer has acquired from experi- 
ence and reading should be brought 
into play. He should stubbornly ask 
to be convinced that the unit will work 
while looking determinedly for weak- 
nesses in the design. For the sake of 
argument he should try to prove that 
the unit can’t be made in the factory, 
is too costly, or just won’t work, and 
hope to be proven wrong. 


Start Test Work Early 


The experienced engineer knows 
that unanticipated difficulties always 
arise. Often, concentration on potential 
trouble spots resolves anticipated dif_i- 
culties before they occur, whereas an 
apparently “easy” part of the job causes 
the headaches. For example, a critical 
capacitor of very small size designed 
into the package may be unavailable in 
quantity, the unit used and tested in 
the breadboard is found to be only a 
sample left by a salesman for evalua- 
tion as a possible new product of his 
company. 

A good practice is to rush a pre- 
liminary production model through, 
using hand sketches, vigorous expedit- 
ing, and making carefully considered 
departures from final requirements 
where they are not critical. There’s no 
telling what will be learned from such 
a preliminary model. 

Under ideal conditions, the original 
design will be verified. At worst, basic 
flaws will be uncovered that may re- 
quire complete redesign; but it’s better 
to find flaws at this stage than when a 
thousand units have been made. 

Where it is not practical to build a 
complete prototype it may be feasible 
to perform a series of tests, each with 
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ARMATURE 


TORSION — TORQUE MOTOR 
ROD PIVOT >_> 


FILTER . =. 
SCREEN STABILIZED 


BODY 
(TITANIUM 


FIXED CONSTRUCTION) 


ORIFICE 


METERING * 
SPOOL or ONE-PIECE 


SLEEVE 
SHEAR SEAL 
COVERING VARIABLE ORIFICES 


A FEEDBACK SERVO VALVE 
WITHOUT SPRINGS OR LEVERS 


® Unity coupled Hydromechanical Feedback 
® High Null Accuracy # Only 2 moving parts 
= Large, full opening, shear-seal orifices 


This two-stage, four-way flow control valve is the only one available 
that provides true positional feedback without springs or levers. The 
first stage consists of an electrical torque motor and ‘‘shear-seal” 
orifice hydraulic amplifier, while the second or control stage is made 
up of an accurately matched spool and sleeve arrangement. 
Hydromechanical unity feedback relates spool position to torque 
motor armature position and also nulls out effects of orifice varia- 
tions due to supply pressure and temperature fluctuations. Flow 
force reactions are thus substantially reduced and hydraulic center- 
ing of pilot position is feasible without spring hysteresis and null 
shift. Large orifices prevent clogging and silting and high shear 
forces permit efficient operation even with highly contaminated 
fluids. Final null adjustments are made electrically by a balancing 
control at amplifier output stage. 


TYPICAL CHARACTERISTICS 


Medium Flow (#6103-*6106) High Flow (#6104) 


to 18.0 gpm at 3000 psi 
valve pressure drop 


3% maximum total 
rated current 


300 to 4000 psi 


6000 psi pressure port 
3000 psi return port 


First stage—500 psi 

per ma minimum with per ma minimum with 

3000 psi supply 3000 psi supply 

8500 psi per ma minimum 10,000 psi per ma minimum 
with 3000 psi supply with 3000 psi supply 


Temperature —65°F to +275°F —65°F to +275°F 


Maximum Null Shift (% of rated current) 
Temperature Change per 100°F 1% 1% 


Supply Pressure Variation + 2% 2% 
Quiescent Current Change 20% 1% 1% 
Weight 12 ounces 16 ounces 


TORQUE MOTOR: Note: 6103 & 6106 Identical with exception of torque motor characteristics. 
Valve #6103 Valve #6106 

Input Power 300 Milliwatts 64 Milliwatts 

Rated Current +10ma +8ma 


DC Coil Resistance 3000 ohms/coil 1000 ohms/coil 
(other motors also available) 


Rated flow to 7.5 gpm at 3000 psi 
valve pressure drop 


Hysteresis 3% maximum total 
rated current 


300 to 3000 psi 


4500 psi pressure port 
3000 psi return port 


First stage—500 psi 


Supply pressure 
Proof pressure 


Pressure gain 


Load pressure gain 


Write for complete data 
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SIZE 11 SERVOMOTOR - TACHOMETER GENERATOR 


This latest addition to the Muirhead range of servo 
components, has an output at 1000 rev/min to 
fundamental null ratio exceeding 50:1, thus making 
it first choice for use in high performance servos. 
Other parameters are as follows: 


Motor Generator 


Stall Torque 0.63 oz. in 
No Load Speed 5600 rev/min 


Output Voltage 0.6V/1000 rpm 
Fundamental Null 12mV 


Input Power 3.5 watts Total Null 19mV 
Time Constant 0.017 sec Phase Shift 6 degrees 
Overall Length 2.265 ins Weight 6 ozs 


Order one for your prototype now 


Full data sheet available 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC. 
441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephone : 271 — 3880 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 
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the object of verifying some aspect of 
the design. The safe voltage limit, for 
example, of metallized capacitors op- 
erating at higher frequencies than 
specified by the manufacturer, at maxi- 
mum ambient temperature, may be 
verified by starting a series of life tests 
early in the program. Careful tempera- 
ture rise tests for marginal transistor 
operating conditions can give a more 
accurate evaluation than was obtained 
at the breadboard stage. Component 
manufacturers have vast files of un- 
published data that may’ be drawn 
upon in verifying aspects of the design. 
As “bugs” in the design are elimi- 
nated, and dilemmas are resolved by 
design changes, compromises with the 
specifications, etc., and the unit is 
made ready for production, it becomes 
increasingly important to think of test 
equipment and to define important 
parameters. The preparation of a test 
specification is timely at this point. 
Because of lack of standardization of 
definitions and symbols, it is vital that 
these be listed in the specifications, and 
the manner of testing be precisely 
defined. 
Part II of this Digest covering classi- 
fication and description of the various 
types of semiconductors will appear in 
next month’s issue. eee 
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Program Controllers 


Requirements for optimum digital and 
analog program controllers, as well as 
equipment to effectively meet these re- 
quirements, are delineated in a 4-page 
application note. Among the instru- 
ments described is an optical line fol- 
lower, which tracks pencil or pen lines 
and produces a continuously varying 
output voltage in accordance with the 
program. 

Source: F. L. Moseley Co. 

Pasadena, Calif. 
For Your Copy: Write No. 843 on Inquiry Card 


Plug-in Oscilloscope Units 


Thirty-two page booklet gives a de- 
tailed presentation of 16 available “a- 
to-z” plug-in oscilloscopes. Booklet in- 
cludes complete specs and performance 
characteristics—with waveform patterns 
and other illustrative material for vari- 
ous measurement applications. 
Source: Tektronix, Inc. 

Beaverton, Ore. 
For Your Copy: Write No. 844 on Inquiry Card 


ELECTROMECHANICAL DESIGN 








and 


ige 
ru- 
Fol- 
nes 
ing 
the 


‘ard 












SHOWN ACTUAL SIZE 





KEARFOTT 
SIZE 9 
COMPONENTS 


FOR SERVO SYSTEM MINIATURIZATION 


A complete family of Size 5 components for every servo system function is now available from Kearfott. 
This series offers the system designer complete latitude in miniaturization of his second-generation 
systems, with the performance and reliability heretofore found only in much larger units. 





































Stainless steel housings, shafts and bearings protect the units against environmental extremes and con- 
tribute to stability under shock, vibration, and temperature fluctuations. * Standard 26-v, 400 cps 
excitation. * Synchro and resolver accuracy +10 min. * Operating temperature range —55° to +125°C. 
Computer-designed for optimum performance. 





CHARACTERISTICS 
SYNCHROS 


VOLTAGE CURRENT IMPEDANCE NULL ERROR 

Treneeitier (400 cps) (amps) INPUT OUTPUT T.R. (mv) (min) 

CJO 0565 100 26 045 576 /74.7 94.2 /71.4 454 34 10 
Control Transformer 

Low Z-CJO 0555 100 11.8 0408 250/73 1085 /72 1.765 34 10 

High Z-CJO 055 900 11.8 0202 550/74 2390 /73 1.765 34 10 
Differential 

CJO 0595 100 11.8 0408 250/72 313 /69.8 1.154 34 10 
Resolver 

Low Z-CJO 0585 100 26 0485 937 /64.7 677 /74 1.0 34 10 

High Z-CJO 0589 100 26 0145 1795 /68.1 2210/76 1.0 34 10 


Weight: 0.90 oz; Length: 1.250 in. 











SERVO MOTORS MOTOR GENERATORS 
3126-06 3126-02 MOTOR €J40812001 CJ00812650 CjJ00813200 
No-Load Speed 9800 rpm 9800 rpm Voltage 1/2 (400 cps) 26 /36-CT  26/36-CT 26/26 
Stall Torque 0.10 in. oz 0.10 in. oz Power /@ 15w L5w 1.5w 
Rotor Moment of Inertia 0.175 gmcm? 0.175 gmcm? | No-Load Speed 8000 rpm 8000 rpm ~=—s 8000 rpm 
Voltage 1 /p2 (400 cps) 26 /36-CT 26 /26 Stall Torque 0.10in.0z 0.10in.0z 0.10 in. oz 
— Input /Phase l.7w 1.7 w GENERATOR 
" CoeEnNaNS at Se Voltage (400 cps) 26 v 26 V 26 v 
Power 1.5w 1.5 w 2.0 w 
Volts /1000 RPM O.lv O.1v 0.5v 
SYNCHRONOUS MOTOR Null 1.3 mv 10 mv 6.7 mv 
CJO 0172 200 Weight: 1.05 oz; Length: 1.507 in. 
Kos woes 0.06 in. oz 
ull-Out Torque 0.10 in. oz 
Kynp ae seh a GEARHEADS, BRAKES, CLUTCHES 
Length 1.24 in. Size 5 gearheads range in reduction ratios from 20:1 to 
1019:1 for servomotors and motor tachometers above. In addi- 
tion, Size 6 clutches, brakes, and brake-clutches are available. 





Write for complete data 


KEAREFOTT DIVISION >> GENERAL PRECISION. INC. 


Little Falls, New Jersey Other Divisions: GPL, Librascope, Link 
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BENDIX- 
PACIFIC 
SERIES 130 
UNIVERSAL 
TIMERS ft 





FOR EVERY 
APPLICATION WHERE 
ACTION OCCURS AS A 

FUNCTION OF TIME 


*« Constant Speed Motors 
+5% ungoverned + 1% governed 


* Modular gear train covers wide 
timing range. Weight 9 oz. 


* Wide selection of switches, reset 
clutches, variable inductors and 
capacitors and potentiometers. 


* Inquire about programming of 
circuits rated as high as 40 amps. 


Contact Bendix-Pacific 
when your design requires — 


ACTUATORS 


Geneva-Loc « Conventional Rotary 
Linear « High-Response * 


Safe & Arm 
TIMERS 


Sequential Programming 
Repeat Cycle + Adjustable 


Bendix-Pacific Division 


NORTH HOLLYWOOD, CALIF. 
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_ VACUUM PROBE 


K ye -O 
PRODUCTION AIDS 


If you want more information on the production aids discussed 
below write the appropriate number on the reader service card. 





867 
enables rapid pickup and handling of miniature parts of all shapes and materials. 
It eliminates rejects caused by scratching, marring and nicking of finished parts. 
Finger-operated, shut-off valve releases parts from probe tip which ranges in 
size from 0.002” to 0.062” I.D. and up. If vacuum not available, a transducer 
converts shop compressed air into vacuum. Air-Vac Engineering Co., Shelton, 
Conn. 


INDUCTION HEATING GENERATORS 862 
(15 kw and higher) are guaranteed for 1 year following delivery date. Equip- 
ment is tested for noise and radiation according to mil specs and conservatively 
rated for 100% duty cycle. The power supply is a 3-phase full-wave bridge with 
a choke input filter. McDowell Electronics, Inc., Metuchen, N. J. 


PROTOTYPE MAGNETIC LAMINATION 863 
can be produced in quanity in your own plant within days after completion of 
design. Utilizing “chemical machining”, the technique offers advantages such as: 
52 dollar typical cost for a common motor lamination; with in-plant photo 
facilities delivery of initial parts within 48 hrs after design completed; burr-free 
parts; and parts as thin as 0.005”. Centre Circuits, Inc., State College, Pa. 


ELECTRONIC BATCH COUNTER 864 
with normal life expectancy of a billion operations, operates where other electrical 
or mechanical registers often fail, do not respond, or miss at high rates of speed. 
One model divides the counts by ten. Three others count any preset number 
from 2 to 16, 2 to 256, and 2 to 1024. They automatically reset to zero for the 
next count. Gyra Electronics Corp., La Grange, II]. 


ELECTRONIC TEST EQUIPMENT 859 


is said to reduce labor costs in manufacturing electronic assemblies by testing 


| and sorting thousands of circuit elements such as transistors, diodes, capacitors 


| TRANSISTOR LIFE TEST SYSTEM 


and resistors in a fraction of the time now required. Equipment can also per- 
manently record test and quality data on cards or magnetic tape by a simple 
hookup to print-out mechanisms. VHM Corp., Oakland, Calif. 


865 
incoroprates individual collector current controls for up to 220 transistors un- 
dergoing oven life testing. Equipment also monitors and controls collector volt- 
ages and monitors elapsed time and oven temperature. Temperature range: 25 
to 150°C. Tenco Electronics, Inc., Boston, Mass. 


DESIGN AND TOOLING HANDBOOK 866 


will help you in product design, methods engineering and tooling. It describes 


| design aspects of parts formed on tooling machines including how to combine 


| MINIATURE TERMINAL STRIP 


operations, such as stamping and forming; cut-off, forming and welding; or form- 
ing and assembly. Forming machine referred to handles wire diameters from 
0.010 to 0.5” (feed lengths to 32”) and ribbon stock up to 4” wide (feed lengths 
to 24”); parts produced at rates over 400/min. A. H. Nilson Machine Co., 
Shelton, Conn. 


870 
provides fast, positive wire connections without need for terminal lugs or taper 
pins. To connect, assembler inserts lead into small hole located at the base for 


_ each terminal. A slotted screw firmly clamps the lead in place. Elotec Corp., El 
| Monte, Calif. 
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Wherever reliability is vital... 
you'll find BARDEN PRECISION ball bearings 


Barden Precision ball bearings are basic components in the 
instruments and mechanisms that meet today’s toughest re- 
quirements for systems reliability. You'll find them in navi- 
gation and flight instruments...in guidance and control sys- 
tems...in computers, turbo-driven equipment and ground 


support instrumentation...wherever reliability is vital. 


When you need top bearing performance, Barden provides 
it with functionally tested bearings of uniform quality— 


standard or special—for prototypes or extended production 
runs. Because Barden is exclusively a producer of highest 
precision ball bearings, you get the full benefit of its special- 
ized design, manufacturing and application experience. 

The complete Barden line includes bearing sizes from .0469” 
bore to over 3” O.D., all produced to Barden Precision 
standards of dimensional accuracy, uniformity and reliabil- 


ity. Write for catalog and bearing selection guide. 


for resabiny...specty BARDEN fea PRECISION BALL BEARINGS 


4E BARDEN CORPORATION, 206 Park Avenue, Danbury, Connecticut 
lestern office: 3850 Wilshire Boulevard, Los Angeles 5, California. 
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New Components For 
Electromechanical Systems 





MODEL 292 THERMOSTAT 


CONTACTS 


ADJUSTING SPRING 








Sena 


TERMINALS 







ADJUSTING SCREW 





Miniature Thermostats 


Hermetically sealed, 0.317” dia., 1.325” 
long thermostats maintained tempera- 
tures within 114° C for over 500,000 
operations with a resistive load of 4 
amp at 26 v de. They handle loads 
up to % amp at 115 v 60 cycles ac. 
Factory set to a tolerance of +1°C, 
they control small ovens with variations 
of less than +14°C over a wide range 
of ambient temperatures. Their small 
size and the low mass of their moving 
parts make them shock and vibration 
resistant. Thos. A. Edison Industries, 
West Orange, N. J. 
Write No. 472 in Box on Inquiry Card 











Self-Coiling Scrolls 


Efficiently storing and legibly display- 
ing printed information such as scale 
readings, position indication, or instruc- 
tions, stainless steel scrolls have greater 
durability and temperature resistance 
than those of plastic, paper, or cloth. 
A self-coiling feature eliminates the 
need for secondary drive equipment, 
such as spring loading of drums. They 
keep taut through their own “built-in” 
spring tension. Hunter Spring Co., 
Div. of Amer. Machine & Metals, Inc., 
Lansdale, Pa. 
Write No. 382 in Box on Inquiry Card 


Photoelectric Controls 


Up to 2000 counts per min are made 
by a transistorized photoelectric cell 
that has a sensing range from fractions 
of an inch to 8 ft. Unit can be light or 
dark operated. Basic features: compact- 
ness, simple focusing adjustment, shock- 
proof mounted cells and light source 
and 60,000 hr lamp life. Syracuse 
Electronics Corp., Syracuse, N. Y. 
Write No. 466 in Box on Inquiry Card 


Electronic Multiplier 


A dual electronic multiplier offers sin- 
gle quadrant multiplication and squayr- 
ing with accuracies of 0.01%. Four 
quadrant multiplication accuracy is 
0.05% full scale. Cost is said to be. 1, 
that of comparable equipment. Units, 
available in 2, 3, or 6 channels, require 
no external power supplies or amplifiers 
to work along with analog computing 
equipment. They can also be used in 
analog data and process control sys- 
tems. Other features include built-in 
division and square-root operation and 
modular construction with plug-in 
printed circuit cards. Donner Scientific 
Co., Concord, Calif. 
Write No. 357 in Box on Inquiry Card 


Lumped Delay Line 


Featuring 1% delay time tolerance, a 
delay line activates clock generators of 
computer systems. With a temperature 
coefficient of 0.0014 u/s from —35 to 
+75°C, the design achieved 12.7 
ppm/°C stability. Rise time 0.05 u/s 
max. Total delay: 1.37 +0.01 u/s. Im- 
pedance: 93 ohms +10%. Attenuation: 
5 to 6 db, DCR (resistance) 43.4 ohms 
total, 35 to 50 volts. Unit meets MIL- 
E-5400. Nytronics, Inc., Berkeley 
Heights, N. J. 
Write No. 441 in Box on Inquiry Card 





TEMPERATURES 


~140°F. 


for 


@ Research 
© Storage 
@ Seasoning 
© Testing 







all units. 


Industrial Products Div., 


a at — is oe 


Bl-t-taslsi lemme ilelaller-te 


M 


Setting Trends in Refrigeration Since 1938 | 
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Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
range from 1.5 to 6 cu. ft. in chests and 
to 22 cu. ft. in uprights. Units provide 
temperatures to —140° F. control- 
lable within + 1°. Optional accessories 
are offered. Immediate delivery on 


For your FREE copy of the helpful 
folder, ‘‘Selecting a low temperature 


cabinet,” write Revco, Dept. EMD-31. 


INC > 
| 2897 Harriet Ave. S., Minneapolis 8, Minn. ¢ TAylor 7-5521 
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NEW V 


Here’s all you have to know about fhp variable 
speed. Explains the Zero-Max principle with pic- 


COPY tures and diagrams of uses. Describes over 30 
basic models and types of Zero-Max drives which 
deliver 0 to 1200 rpm and up to 450 in. lbs. torque. 














ARIABLE SPEED CATALOG 


WRITE FOR YOUR FREE COPY TODAY! 


Th ZERO-MAX company 
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Brushless Electric Motor Hard-Glass Resistors 
—— new electric motor is claimed to One fourth watt dissipation is guaran- 
quar: have a life expectancy under many teed from hermetically sealed, carbon 
Four @ severe operating conditions of 20 to film resistors which match MIL-R- 
xy is 100 times longer than motors with con- 10509C dimensions for Yg-watt re- 
be ventional carbon brushes. Transistors sistors. The resistance of these hard- 
Units. replace the conventional brushes, thus glass resistors to thermal shock has 
quire eliminating the usual motor interfer- been demonstrated in tests which rap- 
lifers @ nce with radio and radar transmission, idly cycled the resistors between ice 
tine 2nd the disproportionate friction losses and molten solder. They cannot suffer 
ed in @ Which occur in small brush-type, de case damage from lead tension for loads 
 sys- motors. The new transistor circuitry travel directly to ceramic cores. Texas 
iilt-in @ ™akes possible many additional appli- Instruments, Inc., Dallas, Tex. 
te cations for accessory motors in missiles, Write No. 380 in Box on Inquiry Card 
ug-in guidance systems, electronic cooling 
ntific @ ©duipment, and for motors powered by 
solar batteries in space satellites. Bis ; 
/ Eastern Air Devices, Inc., Dover, N. H. Analog-Digital Conversion 
Write No. 352 in Box on Inquiry Card 
A basic transducer, the phototron, for 
incrementally converting shaft angle to Alpha - Numeric Readout 

pe, a Delay Lines digital measurement information, varies a roe ; ' 
ae of in maximum permissible speed from “i , oe way P po pin a -m 
aheiies High density delay lines are said to 15,000 rpm at 128 counts per revolu- rapes tag: Aap vidya poctinny nro tte 
35 to achieve 10 to 1 size and weight reduc- _ tion to 1,250 rpm at 2,048 counts. It all lietes ee Minteihtin te. 
12.7 tion over conventional delay lines. The provides sampling rate up to 45,000 quiring no auxiliary translators, relays 
S u/s reductions result from a unique network counts per second. Rate information or diodes, unit connects directly into 
G4 design whereby two coils are wound may be taken simultaneously with computers, instruments, display boards, 
tion: on each subminiature toroidal core and quantity, and electrical zero reset is numerical controls and other equip- 
shine from the use of temperature compensat- available. The 19 0z, 2.75” to 3.5” | ment. Readout operates on as little as 
MIL- ing ceramic disc capacitors. Attenua- device operates bi-directionally. Opera- we minette gh oy vo power 
leiliow tion: 1 (0.008 db); total delay: 0.2 tion entails the interruption of a light _ se nate pe . oo ie 

F microsec; rise time: 0.04 ys sec. Valor beam by a slotted disc. Hydro-Aire seg Neath Hiclvwee 4 Calif eetguaae 
! Instruments, Inc., Gardena, Calif. Co., moe to ra Write No. 493 in Box on Inqlury Cord 


Write No. 368 in Box on Inquiry Card 
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SPIROL ‘;; PIN 


steners cost less? 
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Custom Engineered Design 








Testing for reliability of relays is 
accomplished by The Hartman 
Electrical Manufacturing Co. of 
Mansfield, Ohio in this three cu. 
ft. environmental chamber. 


1. 80% of spring pin applications only require Medium Duty 
SPIROL PINS, which cost less. 


2. Even the Heavy Duty SPIROL PINS in this socket-wrench 
universal joint don’t cost more than other types of spring pins. 


It provides Low Temperature to 3. Assembly costs are lowered with SPIROL PINS! Just drill the 


minus 120°F, High to 500°F. hole (plus and minus tolerances allowed only by SPIROL PIN) 
GC Altitude to 150,000 feet and and drive the pins—automatically or by hand. 
™ ats Humidity 20% to 95%. 4. Medium and Light Duty SPIROL PINS replace more costly 
e 


. HASU-100-3HC fasteners, even in materials where other spring pins cannot 
poll be used. Come in Miniature Diameters, too: 1/32” to .052”. 


ch O Environments, chamber sizes and styles are available in | 
ste accordance with your specifications. Our engineering era 
‘ department will gladly supply a No-obligation Quotation. Om 





CONNECTICUT 


CINCINNATI 
SUB-ZERO PRODUCTS 


, General Office & Plant , é | 
3930 Reading Road, Dept. MD2, Cincinnati 29, Ohio 44 School Street, Danielson, Conn. @ PRescott 4-8571 
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Write for free TECHNICAL DATA 
qr qty MANUAL. Free samples for 
| specific applications. 


Cc. E. M. COMPANY, INC. 








MANUFACTURING 
COMPANY. INC 











NEW COMPONENTS 





Digital-to-Analog Converters 


Designed for dual channnel input, a 
converter generates analog output sig- 
nals proportional to binary coded deci- 
mal inputs. Each channel consists of 
three decimal digits and sign (++ or —) 
indication. Its two output ranges, 0-10 
\V F. S. and 0-20 V F. S., are selected 
by a mercury relay operated by an 
external contact. The unit contains 30 
mercury relays and two ratio transform- 
ers. Datex Corp., Monrovia, Calif. 
Write No. 399 in Box on Inquiry Card 


Subminiature Accelerometers 


Broadening the useful frequency meas- 
urement spectrum by over 25%, a 4 gm 
accelerometer resonates at 125 ke and 
provides a useful frequency range to 
25 ke. It measures acceleration levels 
up to 15,000 g. An optimized sensitiv- 
ity precludes the possibility of overload- 
ing electronic equipment, thus eliminat- 
ing the need for shunt capacitances and 
additional calibration. Transverse re- 
sponse: less than 3%. Gulton Industries, 
Inc., Metuchen, N. J. 
Write No. 403 in Box on Inquiry Card 





PLASTIC EXTRUSIONS... ANY SHAPE OR SIZE 


Ace is one of America’s leading mass producers of plastic extrusions 
and all types of precision parts. Any shape, form or color. Any type 
of plastic. Small runs or large runs. Huge stocks 


SINCE 1934 BA 

© 2 for immediate delivery. Quick, low-cost service on 
8 © specials. Write, wire or call for samples, price lists 
a and technical bulletins. 

x ro) 

Ww ” 

ACE PLASTIC COMPANY 91-44 VAN WYCK EXPWY-JAMAICA 35. N. Y 
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Tantalum Capacitors 


Wet-anode tantalum capacitors serve 
in working temperatures up to 85 C. 
Available in three case sizes, the units 
provide capacitance range from 1.75 
to 330 uf over a_ working-voltage 
range up to 125 v de and mavimum 
surge voltages up to 140 v de. Sin- 
tered tantalum slug in a fine-silver 
case results in compactness and the 
ability to withstand rugged service 
with 2000-hour life at maximum tem- 
perature and working voltage. Meet- 
ing MIL specifications, these units are 
guaranteed to 80,000 ft and accelera- 
tions of 20 g if limited to 0.1 in. in 
the range of 50 to 2000 cps. Inter- 
national Telephone and Telegraph 
Corp., Palo Alto, Calif. 
Write No. 659 in Box on Inquiry Card 


Miniature Bellows 


New manufacturing method permits a 
wide selection of sizes, shapes and pro- 
prietary alloys for precision instrument 
bellows and sensitive diaphragms. Wall 
sections of 0.0005” to 0.005” are avail- 
able in materials suitable for high tem- 
perature, high pressure and_ non- 
magnetic applications. The Kinemotive 
Corp., Huntington Station, L. L, N. Y. 
Write No. 475 in Box on Inquiry Card 


Pulse Generators 


Transistorized single and double puls 
generators offer repetition rates to 
2 me and pulse widths and delays con 
tinuously variable to 1000 M sec. Out 
put pulse rise times: 0.02 M sec. o 
faster with 13 volts amplitude from a: 
output impedance of 50 ohms. A con 
stant impedance 50-ohm _§attenuato 
provides 40 db attenuation. Optional 
plug-in modules enable varying pulsé 
repetition rates, delays, widths, and 
outputs characteristics to meet specific 
requirements. Such conversions are said 
to take seconds at a fraction of the cost 
of a second pulse generator. Electro- 
Pulse, Inc., Los Angeles, Calif. 
Write No. 412 in Box on Inquiry Card 


Heavy Duty Knobs 


Large fluted grip for heavy-duty and 
high-torque clamping devices is pro- 
vided on molded plastic knobs and 
handwheels. Units are 2%” od and 
available with plain cored holes, tapped 
brass inserts and protruding studs. 
Knobs, with 4%” longer hub than the 
handwheels, can also be obtained with 
reamed brass bushings and set screws 
for 4” to 4” diameter shafts. Dimco- 
Gray Co., Dayton, Ohio. 
Write No. 515 in Box on Inquiry Card 











BODINE MOTORS 
give you 


ADE 


After Delivery Economies 


Your end-costs are lower because: 

® Bodine Motors perform consistently, 
never require field servicing . . 

(well, almost never!) 

© Bodine Motors are easy to fit-in . 
easy to adjust. 

© You seldom encounter inspection or 
test rejects. 

¢ Bodine Motors help your product 
earn repeat sales. 


Ask for Bulletin S-2 


BODINE 


motors © 





= 











Bodine Electric Company 


2530 West Bradley Place, Chicago 18, Illinois 
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hecorders 


\Vith zero and span settings on precali- 
brated dials, recorder achieves guaran- 
teed span accuracy and zero setting 
accuracy of 14% each. An unknown can 
be measured without time-consuming 
calibration. Calibrated zero  vernier 
provides from 0 to 50 mv suppression. 
\mplifier gain: over 1,000,000 to 1. 
Barber-Colman Co., Rockford. Il. 
Write No. 496 in Box on Inquiry Card 


R & D Terminal Kit 


Over 500 lugs, clips and terminals are 
contained in a new R & D terminal kit. 
Hardware is hot tinned for easy solder- 
ing. Price: $2.00. Zierick Mfg. Corp., 
New Rochelle, N. Y. 

Write No. 330 in Box on Inquiry Card 


Rotating Cam Limit Switch 


With ratios ranging from 2:1 to 400:1, 
limit switches have built-in gear re- 
ducers with a 34” shaft extension. Cam 
lobe provides an adjustment range from 
8° thru 360° and eliminates special cams. 
Gemco Electric Co., Detroit, Mich. 
Write No. 328 in Box on Inquiry Card 


Heat Dissipators 


Miniaturized heat dissipators cool solid 
state electronic packages in airborne 
and ground support equipment. The 
ultra-small, finned units use gas or air 
as cooling medium, eliminating the 
need for ducts or tubes. Capacities: 
1 to 10 watts; thermal resistance: as 
low as 1°F; pressure losses: as low as 
0.025” H,O. Horkey-Moore Associates, 
Torrance, Calif. 
Write No. 386 in Box on Inquiry Card 


Phase Angle Voltmeters 


Combining in one unit the functions of 
an ac voltmeter, phase meter, phase 
sensitive null indicator, power factor 
meter and a meter that measures sep- 
arately the inphase and quadature com- 
ponents of a signal, an all-transistor, 
modular voltmeter fits readily into mil- 
itary ground support, flight test and 
mobile field instrumentation systems. 
The 814” high, by 7” wide unit con- 
tains: mil-type, hermetically sealed 
meter; shielded inputs for signal, ref- 
erence, power and chassis ground; and 
plug-in, all solid state amplifiers. North 
Atlantic Industries, Inc., Plainview, 
N. Y. 
Write No. 422 in Box on Inquiry Card 


WANT BETTER MOTORS 
FOR YOUR PRODUCTS? 


















ee 


Es 
‘Ye 
Carter also offers 
a line of 45 
miniature Motors 
and gearmotors 
1/1000 to 1/10 hp. 


requirements. 











2798 W. George Street + Phone JU 8-7700 





1/35 to 1/10 hp. 


Then switch to Carter elasste | 


Interchangeable with competitive types. Exclusive performance 
features include longer brush life, instrument quality ball bearings 
in steel sleeved housings, highest quality die-cast construction. 


6 to 220v. Series Models . . 
6 to 115v. DC Shunt Models 


As your specialty motor source, there 
are no restrictions on modifications, no 
long delivery, no minimum orders . . . 
just friendly, personal attention to your 


WRITE for prices, specifications, 
OEM discounts, 


Use letterhead for special attention. 


Carter Motor Company 


Large Enough to Serve You, Small Enough to 


from the mille of 


@ 





Chicago 18, Illinois 
lant to 
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Variable Transformers 


Equipped with an “overvoltage, no- 
overvoltage selection switch,” a port- 
able transformer has its max output 
limited to the line voltage (120v) or 
to the overvoltage rating (140v). Unit's 
face consequently carries 2 sets of 
voltage calibrations to match output 
indications. Rated at 7.5 amps, the 
transformer contains a carrying handle, 
which also serves as an easel. Ohmite 
Mfg. Co., Skokie, II]. 
Write No. 387 in Box on Inquiry Card 


Rate Gyro 


Designed for applications where im- 
mediate, short-term data monitoring is 
required, a 15 oz spring-driven rate 
gyro reaches operating speed in 100 
millisec. Chief advantages over units 
using conventional electric motors are 
said to be low cost and low power- 
time requirements of approx 0.2 watt- 
sec. Firing is accomplished by sole- 
noid-actuated release. For repeated 
firings, the actuator-drive mechanism 
is easily detached from the case, re- 
cocked, and easily re-attached. The 
gyros are recommended for expendable 
drones, missiles and special test. Hum- 
phrey, Inc., San Diego, Calif. 
Write No. 361 in Box on Inquiry Card 














Developed to your requirements for performance under 
conditions of moisture, mold, fire, low temperatures, etc. 


Ideal for laminating with foil, glassines, films, etc. . . . for 
coating with waxes, plastics, resins, organosols, plastisols. 


Uniformly hard, sound rolls without soft spots or corruga- 
tions. Free from shives, other imperfections. 


Basis weight and caliper across the sheet plus other specific 
characteristics will be uniform from roll to roll... from 
carload to carload, 


DATA FILE plus a 


ile} 
Data F “PAPER TERMS" DICTIONARY 






MOSINEE 


PAPER MILLS COMPANY 


Mosinee, Wisconsin Write Dept. EMD-3 
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applicable 
BuShips drawings. 


POSITION 


ROTARY 
SWITCHES 


for industrial 


ALL THESE SWITCHES are small 
units designed for tap, transfer, or 
selector use at low current ratings. The 
construction of the Esco Types AF 
and JL switches is the same as the 
Type A switch except that they are 
manufactured with materials to meet 
MIL Specifications and 


These switches provide unlimited 


rotation in both directions, or move- 


ment can be limited to any number of 
the eight positions. 






































; “a: ; ; Electrical Ratings 

Type | Sections | Positions | Poles Contacts indexing! Mounting interrupting 8 
nonshorting ° panel 

A 1to10 | 2to8 1 to 20 or shorting 45 shatided budhine 5 amp., 120 volts a-c 
nonshorting © panel 5 amperes, 

AF | 1to6 | 2to8 |1to6 only 45° | threaded bushing | 120 v. a-c and 26-v. d-c 
nonshorting ° panel 

i 1to10 | 2to8 /|1to20 or shorting 45 shenesied bushing 5 amp., 120 volts a-c 

WRITE FOR BULLETINS that contain complete details 


including dimension drawings, torques, weights, stand- 
ard and special switching assemblies, photographs, and 
“How to Specify” information. 


| —h-) ot or Tm £4 fed eha. 


ELECTRO SWITCH CORP. 


Weymouth (Boston 88), 
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Midget Motor 


Miniature 1/3 hp hydraulic motor for 
controlling missile antennas is described 


_ as the smallest motor of its type in ex- 


istence. Less than one cu. in. in siz 
and weighing four oz., it is barely 
1/100th as large as a conventional 1/3 
hp electric motor. It develops its 1/3 
hp at 6000 rpm’s continuous speed. 
Displacement is 0.02 cu. in. per revo- 
lution. Upon receiving electronic com- 
mands through a miniature hydraulic 
servo valve, the motor can control a 
missile antenna platform so that it will 


| accurately follow a target’s flight. It 


can also be used to control rudders, 
ailerons and other directional equip- 
ment on missiles, aircraft and marine 
vehicles. Bendix Corp., Hamilton, Ohio. 
Write No. 711 in Box on Inquiry Card 


Semiconductor Switching Device 


For use in switching and storage cir- 





cuits of digital systems, a silicon, semi- 
conductor bistable device, called the 
binistor, retains its properties over a 
wide range of ambient and bias con- 
ditions. The company believes that the 
binstor offers a combination of relia- 


| bility, economy, simplicity and uni- 


formity that has not been previously 
achieved. Compared to a typical flip 
flop which employs two transistors, 
seven resistors, two capacitors, two 
diodes and 28 solder connections, a 
binistor stage contains only one binis- 
tor, three resistors and 10 solder con- 
nections. In structure, the silicon NPN 
tetrode binistor resembles a four layer 
switch. The output current is taken 
from an intermediate layer and the 
upper junction serves only as a “latch” 


| rather than a “lock” to hold the device 


on when in the conducting state. The 
collector, emitter and base of the binis- 
tor are used in the same manner as a 
normal transistor. Transitron Electronic 
Corp., Wakefield, Mass. 

Write No. 672 in Box on Inquiry Card 


Subminiature Relay 


Designed for continuous use at temper- 
atures down to —65°C, one inch long, 
34 oz relays meet MIL-R-25018 and 
—5757C and have life expectancy of 
100,000 operations minimum at rated 
load. Hermetically sealed with 0.200” 
centers terminal configuration and 3 
amp contact rating, the relay with- 
stands severe vibration and shock while 
maintaining fast and sensitive opera- 
tion. Comar Electric Co., Chicago, IIl. 
Write No. 439 in Box on Inquiry Card 
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RF Patching Equipment 


\ line of 52 to 72 ohm coaxial jack 
trips and patch cords distribute audio 












For HIGH Pumping Speed and 
LOW -LOW-lIow Ultimate Pressure 


















































tor for ind video signal in data, computer, 
scribed telemetry and communication installa- & ® 
in ex- tions and route RF in receivers and low 
in size power transmitters. The rack mounted 
bare], panels may be used to patch coaxial 
al 1/3 systems of RG-8, 9, 11, 55, 58, 59, and 
ts 1/3 62 and miniature coaxial cables. Large K 3 0 
speed. wiping and contact surfaces and heavy M B a 
: revo- gold plate on jacks and plugs insure 
> com- dh in extreme conditions. Trom- M E C H A N C A L B O O s T E R 
draulic peter Electronic Associates, Canoga HIGH VACUUM PUMP 
itrol a Park, Calif. al ce >, en - 
it will Write No. 487 in Box on Inquiry Card _— rg en : — 
tht. It Kms 30 
dders, Angle Indicator . clades - 
equip- . 
marine The angular position of any mechanical = 
_ Ohio. device to which remote two-speed 
rd (25:1) dual transmitters can be cou- ? 
pled is provided by an angle indicator. 4 § 
. A double-speed transmission is said to 
jae reduce errors inherent in synchros by c 
; a factor of 25. Instrument can be sup- : 
wales plied having dual-sensor speed ratios 
- semi- on : 
dS the from 18:1 to 75:1. Unit operates | as Pe es 
Shag two-speed or single-speed device. oe ere: 
‘ ae Kearfott Div. General Precision, Inc., i Po 
t the Little Falls, N.J. Ht 2 36 
aie. Write No. 362 in Box on Inquiry Card th 
| uni- sind © tit 
riously Phase Shifter a ry 0 
al flip in : 0 100 
sistors, A 90° phase shift module features an With a rated displacement of 30 cfm 
, two accuracy of 0.01° over a frequency and starting from atmospheric pres- 
ms, a range of 50 to 50,000 cps. Operating sure, the KMB-30 attains ultimate iy, 
binis- frequency so selected by changing pressure of .0005 micron as meas- Gge 
r con- plug-in units. With multiple phase ured on a trapped ionization gage. 
NPN eee ond peiery suet of cal Obviously, this exceptional perform- 
- layer bration, each phase shifter may be cali- ance has wide application in Elec- 
taken brated eee better than oer. tronic, Metallurgical, Chemical and 
d the Dytronics Co., Columbus, Ohio. Nucleonic fields and excites partic-| 
latch” ae ae ee re ular interest in laboratories where 
device : : clean, dry Vacuum is required. The 
. The High Temp Wire KMB-30 is one of a large family of 
binis- KINNEY High Vacuum Pumps which 
r as a Capable of reliable operation up to includes the most comprehensive se- 
tronic 1000°F, new mica and glass lead wire lection of Single Stage, Compound 
maintains a minimum dielectric strength and Mechanical Booster Pumps in the 
rd of 1000 volts. It has been successfully world. Full information on KMB-30 is 
spark-tested at 2000 volts. Insulation contained in Catalog Bulletin 3180.1. 
resistance remains above 10,000 Write for it today 
Mohms. American Super-Temperature , 
Wires, Inc., Winooski, Vt. 
mper- Write No. 509 in Box on Inquiry Card KINNEY VACUUM DIVISION 
lone, THE NEW YORK AIR BRAKE COMPANY “c~ 
3 e- Infrared Detector WRITE FOR j35306 wasmincton staccr - seston 20 - merit) 
pa eh aicedeil diiaiittiialeaimitals ‘ais tad TUT) BCom Please send me Kinney Bulletin 3180.1. Also include in- 
) 200” sulfide cell detects visible and _inter- KOE:1¢ ile) ane. |e formation on other KINNEY High Vacuum components. 
nd 3 mediate infrared radiation of 0.7 to 2.7 FULL STORY ON 
with- micron wavelengths. It has a mean THE KMB-30 cee 
while time constant of 375 usec and dark re- Company 
ypera- sistance of 500 K ohms to 1.5 Mohms. 
o, Il. Tupper Trent Co., Inc., Chelsea, Mass. Address 
d Write No. 473 in Box on Inquiry Card 1 City. Zone State 
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1. In this pick-arm spring for a textile machine, nat- Here are a few examples of why it pays to call on the met 
ural frequency vibration plus rigid end restraint springmaker early in your design problems. End- pre 
caused early failure. By redesigning spring and add- hook failure of extensioh springs is a common occur- mir 
ing swivel hook to end assembly, failure was avoided rence that experience can help avoid. Check your aa 
and cost reduced as well. specifications for performance and production econ- mee 
; omy by consulting an A.S.C. spring engineer Write Cor 
2. Fatigue failure caused by bending stresses occurs a . 
ae ; : ; for bulletin ‘“‘How to Solve Your Spring Design 
where end hooks join working coils. In this method of Duties * 
reducing the combined stress, two coils at each end are 
wound with a reduced diameter. Or 
3. Another method for reducing stress concentration Tr: 
where end hooks join coils is to thread a flat stamping h 
into end coils. be: 
ent 
$903 
eq 
gai 
pe 
Associated Spring Corporation ices: Bri 7 . 
pring p General Offices: Bristol, Connecticut or 
po 
Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. Raymond Manufacturing Division, Corry, Penna. Seaboard Pacific Division, Gardena, Calif. Sys 
B-G-R Division, Plymouth and Ann Arbor, Mich. Ohio Division, Dayton, Ohio Cleveland Sales Office, Cleveland, Ohio 1. 
Gibson Division, Chicago 14, lil. F. N. Manross and Sons Division, Bristol, Conn. Dunbar Brothers Division, Bristol, Conn. .* 
Milwaukee Division, Milwaukee, Wis. San Francisco Sales Office, Saratoga, Calif. Wallace Barnes Steel Division, Bristol, Conn. 7 
Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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N=W COMPONENTS 





Reference Amplifiers 


Modular units’ temperature coefficients 
range from 0.005 to 0.002%/°C. Mod- 
ules may be used to replace reference 
and amplifier stages, and to reduce 
temperature coefficients of regulator 
circuits. Device consists of a diffused 
silicon mesa amplifying transistor and 
Zener diodes in a unitized package. 
Total dissipation at 25°C case tempera- 
ture: 600mw. Industro Transistor 
Corp., L. I. City, N. Y. 
Write No. 372 in Box on Inquiry Card 


Power Transistors 


One half inch medium-power transistors 
offer high-frequency response and low 
leakage current characteristics. De- 
signed for use in switching operations, 
actuating motors, driving relays or for 
servo, audio and pulse amplifiers, units 
are stud-mounted in a cold-weld pack- 
age with flexible leads. They can dissi- 
pate 15 watts at 25°C case temperature. 
Minneapolis-Honeywell, Minneapolis, 
Minn. 
Write No. 371 in Box on Inquiry Card 


Acceleration Switch 


An acceleration integrating switch, 
weighing only 6 oz, provides precision 
switch operation at a preset value of 
gravity-time product for such applica- 
tions as warhead arming, missile guid- 
ance, thrust programming, and _ tele- 
metering. A special holding mechanism 
prevents operation below the specified 
minimum acceleration. Accuracy: +8% 
of g-t value; shock resistance: 50 g 
0.011 sec duration without integration; 
range: 1.5 to 25 g-sec. Gianni Controls 
Corp., Duarte, Calif. 
Write No. 364 in Box on Inquiry Card 


Operational Amplifier 


Transistorized operational amplifier and 
a companion power booster use neither 
choppers nor tubes. Being a full differ- 
ential amplifier, the unit functions 
equally well with negative or positive 
gain; its stability and high input im- 
pedance enable it to be used as an in- 
tegrator. It may also be used as an 
instrument pre-amplifier and as a com- 
ponent of many types of data-handling 
systems. Output current capability is 
1.0 ma at 10 volts. Power booster in- 
creases output current. Ridgefield In- 
strument Group, Ridgefield, Conn. 
Write No. 499 in Box on Inquiry Card 
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NEW 
The 
“G FRAME” 
series 


SPECIFICATIONS: 


Dia.: 3%<6" (plain) 
3%” (finned) 


H.P.: 1/400 to 1/4 
Freq.: 60 cps 
ieneer 8 0 or 3 g 
Poles: 2 or 4 








Typical curve ona 
“G FRAME” series 
2 pole 3 9 motor 


Ambient Temp.: 
—55°cto +125°c 


Designed to military and industrial specifications the new 
“G FRAME” series motors are another addition to the wide line 
of AIR MARINE motors, blowers and fans. 


A symbol of quality products...This trade- 
mark identifies the Air Marine line of 
carefully engineered products designed Eo 
for military and industrial applications, 


ly A 
QUE MATIME motors, inc. | | 
amityville , new york A A 


los angeles, calif. air marine 
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4-POLE POWER CONTROL RELAYS FROM STOCK 


Elgin Advance stocks the only 4-pole power control relay of this 
type on the market. Specify the PC Series when you require 
dependable current switching. 


The PC Series features heavy load carrying capacity, combined 
with small size—a variety of contact arrangements —and a wide 
range of AC and DC coil voltages and resistances. 


another example of reliable relayability 








SPECIFICATIONS 


Contact arrangements — SPDT, DPDT, 3PDT, 4PDT 
Contact rating — 15 amps resistive, 5 amps inductive 
Contact material —0.25” dia fine silver 
Coil voltages & resistances — wide range of AC and DC 
AC power — 10-12 VA, nominal 
DC power — 2-3 watts, nominal 
Dimensions — 1.906” x 3.062” x 2.593”, maximum 
Weight — 8 ounces, maximum 





send for 





ELGIN advanceRELAYS 


THE ELECTRONICS DIVISION OF ELGIN NATIONAL WATCH COMPANY 
2435 NORTH NAOMI STREET, BURBANK, CALIFORNIA 
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NEW COMPONENTS 





Uitraminiature Trimmer 


Claimed to be the smallest trimming 
potentiometer on the market, a single 
turn unit measures 1/3” dia. and 
weighs 1 gm. Single turn is adjusted 
from the top. Units meet Mil-202A, 
method 104, condition A (hot water 
immersion), Mil-E-5272C, Procedure 

(10 days humidity cy cling) and Mil- 
202A, method 101A, condition A (salt 
spray—96 hrs.). Spectrol Electronics 
Corp., San Gabriel, Calif. 

Write No. 313 on Inquiry Card 


Tubular Relay 


High vibration and shock immuned 
tubular relays are claimed to possess 
exceptional switching capacity and con- 
tact life, low coil power, and small size, 
handy shape and simplified mounting. 
Its construction permits in-line chassis 
mounting for printed circuits or con- 
ventional clamping or encapsulation. 
Size: 1-1/8 inch, 15/32 inch diameter. 
Wheelock Signals, Inc., Long Branch. 
New Jersey. 
Write No. 308 in Box on Inquiry Card 


Low-Level Preamps 


Completely _ self-contained, magnetic 
preamps detect 10 microvolt signals 
from thermocouples, strain gages, hall 
generators, and other low-level dc 
signal sensors. Compared with con- 
ventional de amplifiers, they perform 
the tasks of an input chopper, an isola- 
tion transformer, several stages of am- 
plification, and a regulated power sup- 
ply. These preamps are claimed to op- 
erate for years without any adjustment 
or maintenance. They require less than 
3 watts of 115 volt +10% power for 
operation. Acromag, Inc., Southfield, 
Mich. 
Write No. 329 in Box on Inquiry Card 


Oscillograph Amplifier 


Designed to convert voltage signals 
from high impedance recorders, dual 
channel amplifier puts out 8ma max. 
with a max. sensitivity of 2 ma per 
volt. Outputs are obtained from differ- 
ential cathode followers; the de com- 
ponent of the input voltage can be 
cancelled with a zeroing potentiometer 
which adjusts the bias on one grid of 
the output cathode follower. Avtron 
Manufacturing, Inc., Cleveland, Ohio. 
Write No. 404 in Box on Inquiry Card 


DC Rate Gyro 


Only 1” in dia. and 3%” long, a minia- 
turized de rate gyro weighs 8 oz. and 
has a potentiometer output. The steel 
flexture pivot gimbol suspension and 
the heavy metal rotor provide 0.5% 
max. hysteresis and 1% accuracy. Her- 
metically sealed in a steel case, the 28 
volt de gyro contains a motor that has 
more than a 300 hour service life. The 
pot life exceeds 10° cycles. Humphrey, 
Inc., San Diego, Calif. 
Write No. 317 in Box on Inquiry Card 


Silicon Rectifier 


Doubled diffused, hermetically sealed 
silicon rectifier is rated at 80 amps 
averaged at 20C ambient on a 7” X 7” 
X 4%” copper heat sink. Peak inverse 
voltages range from 100 to 400 volts 
in 100 volt steps. Diffused junction 
techniques achieve a typical forward 
dynamic resistance of 0.001 ohms. 
Thermal drop, from junction to case, is 
0.5 C/watt maximum and the tempera- 
ture range is —75 to +175C (junc- 
tion). Peak inverse current lists at 50 
ma at rated PIV. Syntron Co., Homer 
City, Pa. 
Write No. 301 in Box on Inquiry Card 





Do You Require 
ACCURATE 
DISPLACEMENT 


MEASUREMENT 









Silver Brazing 
PREFORMS 








AT DISTANCES 
UP TO 
1000 FEET? 


FEATURES 















Plug this portable, Stroke: 2" up to 
self contained unit into any 10 feet. 
110 volt, cps outlet to Accuracy: + 3% 


accurately measure 
displacements from 1 in. 
to 10 ft.; distances up to 
1000 ft. Built on null balance 
principle. No vacuum 
tubes. Operates for years 
without recalibration 

or loss of accuracy. 


Recording: D.C. output 
for control. Records 
displacements down 
to .0005 inch. 
Package: Self 
contained; no added 
instrumentation 
required. 





Contains Information On... 












@ Preform advantages and @ Features of No Tangle 

selection. Notch Coil Rings. 
@ Types of Blanked and @ Silver and Aluminum Brazing se Oe 

Edgewound Washers. Alloys — Soft Solders. ap “ey, 
@ Alloy calculation charts. @ Types of Flux and application. . 

Send for your free copy today! exrect wane “VR SON es 
SYSTEMS 
Ae 


LUCAS-MILHAUPT ENGINEERING CO. 


5065 South Lake Drive, Cudahy, Wisconsin 


8044 Woodley Avenue, Van Nuys, California - TRiangie 3-3510 - STate 6-7210 


Your inquiry will receive an immediate reply 
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NEW COMPONENTS Clutch-Brakes Strain Indicator _— 
A differentially coupled pair of Transistorized strain indicator requires i 
clutches with an integral, anti-back- no phase balance adjustment to mai- Rollie 
lash brake contains an input shaft, out- tain sensitivity and accuracy, even 8 
put shaft and 1.062” dia mounting when very long leads are used between A his 

Miniature Resistors pilot all at one end. The 0.375” dia instrument and strain gages. Range ae 
input shaft drives in one direction con- is 60,000 microinches per inch and : a 

Said to have the lowest price in the tinuously while the 0.187” dia output gage factor range is 1.5 to 4.5. Ser a 

field of miniaturized precision film re- shaft remains stationary or drives in _ sitivity is better than 1 microinch per _— 

sistors, a space-saving 44 watt resistor either direction. In event of power inch. The instrument can be used — 
was designed primarily for potted cir- failure, the brake unit locks the output with all resistance type strain gages ree 
cuits in high-density packages. Unit shaft to the housing with a zero back- having nominal resistance from 50 - : 
meets performance requirements of Mil- lash grip. Units feature stainless steel ohms to 2,000 ohms. Overall dimen- P pe 

R-10509B, Characteristic X. Resistance design and molybdenum disulphide im- sions are 6” x 9” x 6” high. Poly- pee 

range: 100 ohms to 133K ohms; voltage pregnated sleeve bearings. Marketing phase Instrument Co., Bridgeport, Pa a 

rating: 250; derating: to 140°C; stand- Computers, Inc., Florissant, Mo. Write No. 661 in Box on Inquiry Card som 

ard tolerance: +1%. Corning Glass Write No. 448 in Box on Inquiry Card 

Works, Corning, N. Y. 

Write No. 325 in Box on Inquiry Card Elliptic-Core Delay Line 
Digital-to-Analog Converters Micri 
Designed for computer applications, 

Transistorized Electronic Timer Providing a 300 KPPS maximum clock miniaturized delay lines use elliptical “Intr 
rate, solid state converters serve military Cores which make it possible to obtain ual. 

Sub-miniature (2” x 2” x 34”) transis- and industrial applications in hybrid relatively long delay at a high im- wave 

torized electronic timer offers a wide  digital-analog systems. Modular in de- pedance level in a minimum of space. scrib 

selection of timing ranges and physical sign, the self-contained units include Built around a ceramic core with leads used 
mounting. The standard units are plug- storage, power supply, reference trans- imbedded, the unit is 1-%s” long, with ment 
in with 2 pole double throw 5 amp re- former, and forced air cooling. Power a cross-section of %4” x 11/16” and acqu 
sistive contacts. Repeat accuracy of requirements: 40 watts, 60 to 400 cps, has an impedance of 3300 ohms, a micr 

0.2% can be guaranteed. The unit is 1 watt. AC and de models are available delay of 0.8 usec with a rise time of equi 

unaffected by voltage, temperature, and___ up to and including ten bits and a sign 0.2 usec. Pulse attenuation is 0.2 db Mesien 

line transient. Syracuse Electronics bit. Dynamic System Electronics Corp., and ripple ratio is less than 5%. Co- 

Corp., Syracuse, N. Y. Scottsdale, Ariz. lumbia Tech. Corp., Woodside, N.Y. 

Write No. 334 in Box on Inquiry Card Write No. 338 in Box on Inquiry Card Write No. 655 in Box on Inquiry Card 
Pow 
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1.675” dia. Saas 
Approximately NEW SMALLER GEARMOTORS 
1/3 Actual Size 
Globe Type FC planetary gearmotors are only % as big as the 
INSCO right-angle gearmotors woh replace, yet they give you: 
1. the same or more torque, 2. 101 standard gear ratios instead 
STEP-FUNCTION SPEED REDUCTOR of the handfull aie available, 3. 5 to? times the life 
AN INSTRUMENT TRANSMISSION even with high inertia loads, 4. the ruggedness to meet MIL 
FOR PRECISE MULTIPLE SELECTION specs at a cost competitive with motors that can’t. If you 
OF SHAFT SPEEDS don’t have rigid environmental requirements Globe can furnish 
- . , a commercial version in production quantities at a further 
Versatility of ten ratios . - - to 1000:1! Desired shaft saving. If you design with fhp ssdaaaiiati investigate now. 
speed can be quickly selected at the turn of a dial, Globe has available for immediate shipment prototypes of 
without stopping the input shaft. Geared design pro- the Type FC, 115 v.a.c. 60 cycle hysteresis synchronous motor 
vides exact repeatability and non-slip drive . . . ideal in'the following gear ratios: 352.6:1 (10.2 rpm, 160 oz. in. 
for new instrument design, breadboards, general labo- out), and 27.94:1 (64.4 rpm, 19 oz. in. out). For 115 v.a.c., 
ratory applications. 400 cycles: 216:1 (55.5 rpm, 120 oz. in. out). Other pyran 
including d.c. furnished promptly. Request Bulletin rom 
RPM. TORQUE TO. 50'OZ.IN... VARIETY OF Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 
MOUNTING ARRANGEMENTS. 
CHART DRIVES © SPEED REDUCTORS ¢ INSTRUMENT DRIVE SYSTEMS GLOBE 
famel-t- INDUSTRIES, 
INSCO company eR A 
DIVISION OF BARRY WRIGHT CORP uD 
GROTON. MASSACHUSETTS 
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Vy ORTH FILING 


Rolling Diaphragms 


A 28 page manual tells how to select and where to apply 
rolling diaphragm seals for hydraulic and pneumatic actua- 
tors, controls, and specialized devices. Covering pre- and 
hand-convoluted designs, in materials such as nitrile silicone, 
Viton A, polyurethane, fluorinated silicone and butyl] elas- 
tomers, with dacron, teflon and glass fabrics, the design 
manual contains installation suggestions, application 
sketches, nomenclature, and design formulas. Special em- 
phasis is placed on applications in pumps, valves, instru- 
ments, actuators, regulators, cylinders and pressure trans- 
ducers. 

Source: Bellofram Corp. 


Burlington, Mass. 
For Your Copy: Write No. 808 in Box on Inquiry Card 


Microwave Measurements 


“Introduction to Microwave Measurements”, a 100 pg man- 
ual, presents general background information on micro- 
waves, discusses microwave transmission theory, and de- 
scribes basic microwave measurements and the equipment 
used in making there measurements. Eight basic experi- 
ments are given to help the microwave novice become 
acquainted with measurement techniques. A glossary of 
microwave terms and data sheets on various measuring 
equipment are also included. 

Source: Hewlett-Packard Co. 


Palo Alto, California 
For Your Copy: Write No. 809 in Box on Inquiry Card 


Powder Core Manual 


Latest practical and technical data on applications of moly- 
permalloy powder appear in a revised manual. The 43 
pages are arranged to aid filter designers in prompt, accu- 
rate selection of cores for inductors throughout the audio 
and low frequency ranges. Moly-permalloy powder cores 
are inductance guaranteed within +8% of the nomnial in- 
ductance per 1,000 turns. Dimensional data and tables and 
curves covering temperature, inductance, de winding resist- 
ance, etc. are abundant. 

Source: Magnetics Inc. 


Butler, Pa. 
For Your Copy: Write No. 842 in Box on Inquiry Card 
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RF Testing Equipment 


Sixty page catalog describes rf sweep generators and other 
rf test equipment and components for laboratory and pro- 
duction line applications. In addition, descriptions and spec- 
ifications are given for many rf test accessories enabling 
selection of a complete test set-up from one source. Acces- 
sories include turret and toggle-switch rf attenuators, rf de- 
tectors, rc oscillators, and low pass, band pass, and tunable 
rf filters. 


. Source: Telonic Industries, Inc. 


Beech Grove, Ind. 
For Your Copy: Write No. 845 in Box on Inquiry Card 





25 years of DIE CAST 

progress in CT Reduce costs ZINC ALLOY 

tiny parts © ir ) 
(_] Simplify assembly LM 
[] Improve appearance with wing Nuts 


DIE CAST ZINC ALLOY ER 
& MOLDED NYLON Cap Nuts 


GRC FASTENERS 


nia A thumb 


® High in quality x 

NOW! ® Uniformly accurate ae den 
NYLON SCREWS —  ¢ {ow in cost “LY 
Wide range of stock == ff 

AND NUTS oye pat sizes Cé s s = 

. and threads a 
also available Die cast or molded in one high | 
in Delrin speed automatic operation, ; 


i GRC’s exclusive methods as- 
; sure uniformity, smooth, rust- Thumb & 
j proof & corrosion resistant Wing Screws 
surfaces and the lowest possi- 
ble cost. New kinds of fast- 
eners never before available 





. . . modifications in stock MOLDED 
fasteners for specialized use (UC NYLON 
. . « infinite variety in styles, 
types and sizes, have been 
made possible by GRC’s spe- Screws 
cial automatic die casting and 
MACHINE aaron from molding machines. <y 
miniature #0 thru Y%" in: . . 
wide range of lengths and: ba Pg me rr — 
head types. P ati tad “a GRC’s Hex Nuts 
Also SET SCREWS. NUTS NEW DETAHED 
from #2 thru 5/16”. FASTENER CATALOG (&>) 


GRC’s wide selection of 
Washers 


molded fasteners available eae 4 Ta 
from stock. Samples sent & % Se > 
immediately. . : Hele 4 





GRIES REPRODUCER CORP. 


World’s foremost Producer of Small Die Castings screw 
119 Beechwood Ave., New Rochelle, N.Y. NEw Rochelle 3-8600 | !nsulators _ 
See us at the IRE — Booth #4030 
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For Your Literature File 


NEW CATALOGS 


Most of these catalogs contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the catalogs listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 














Precision Spacers and Posts 984 


Over a thousand varied types of off-the-shelf 
spacers and posts, both metallic and non-metallic 
items are described including prices. These 
often needed hard-ware items are used for 
standoffs, supports, terminal board mounting 
gear plate spacing, etc. Several kits provide 
wide assortments of components for experi- 
mental uses. (12 pp) Angler Industries, Me- 


Question-and-answer guide to industrial appli- 
cations of austenitic stainless steel fasterners 
scans the main features of this steel, considered 
to be the most versatile of stainless steel alloys 
for fastening applications. Included is the 18-8 
chromium-nickel group which is corrosion re- 
sistant and scale resistant to 800° F and is 
serviceable at temperatures to —300F. Other 


tuchen, N. J. types of stainless — the ferritic series and mar- 
tensitic series — are also reviewed in brief. (4 
pp) Standard Pressed Steel Co., Jenkintown, Pa. 
DC Timing Motor 983 


Designed to provide increased life, added 
torque and finer all-round performance, a per- 
manent magnet motor employs commutator and 
brushes of improved construction. The manv- 
facturer also claims advantages such as ex- 
tremely low current drain; high torque com- 
bined with small size; fast starting; and speed 
less affected by load. (4 pp) Haydon Div. of 
General Time Corp., Torrington, Conn. 


WEIGH 


ELECTRONICALLY 
YU ® A Electronic Scal t 
Fi 


the requirements of performance that will meet your exact 
specifications. They are flexible instruments requiring a mini- 


Including performance characteristics graphi- 
cally illustrated, a brochure covers dry particle 
clutches and brakes. Characteristics include re- 
sponse time of better than 5 millisec; continuous 
torque control; few moving parts; high torques; 
and no chatter. (4 pp) Technology Instrument 
Corp., Acton, Mass. 












mum of maintenance. Ametron 


Scales weigh heavy loads and print 


the record of weight on tape, 


P 









cards, or bills of lading. 





Many new features have 
been added to the Cabinet 
Model Recorders. 





Write for the latest bulletin, 
B-20, illustrating electronic 
weighing systems. 


STREETER-AMET COMPANY 


GRAYSLAKE, ILLINOIS 
U.S.A. 
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Stainless Fasteners 957 


Magnetic Clutches and Brakes 977 


Breaking the 











° § 

speed barrier! : 
5 

Oil-impregnated phenolic retainers € 
in MPB's series M and FM (flanged) E 
high-speed miniature instrument g 
id 


bearings mean maximum lubricant 
retention, long service life at speeds 
of 300,000 RPM or higher. For details 
on this series, write Hank Eckert at 
Miniature Precision Bearings, Inc., 
123 Precision Park, Keene, N. H. 
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High Vacuum Equipment 979 


Descriptions of gauge tubes and controls and 
ion pumps are given including thermocoupie, 
ionization and cold cathode discharge gauges, 
A convenient chart shows the optimum pressure 
ranges for each gauge type. Pressures are 
stated in mm of Hg and microns as well as 
equivalent altitudes above sea level. (4 pp) 
Hughes Aircraft Co., Culver City, Cal. 


Industrial Phototubes 953 






Bulletin describes high-vacuum as well as gas 
phototubes, photomultiplier tubes, photocells 
and photoresistive cells. It gives applications 
for photoresistive cells combined with transis- 
tors and discusses the effects of temperature, 
excessive illumination and other environmental 
conditions. Test methods and suggestions for 
servicing equipment using photosensitive de 
vices are included. CBS Electronics, Danvers, 
Mass. 


Fiber Glass 993 


Fiber comparison chart enumerates properties of 
glass, asbestos, cotton, nylon, and _ dacron. 
Booklet describes fiber glass manufacture from 
raw materials to 8 different finished fibers: 
regular, colored, bonded strand, Teflon-coated, 
Glass-Dacron, asphalt saturated plus _ roving, 
chopped strand and chopped strand mat with 
“Garan” and other binders. Coding for fiber 
glass yarns is explained. Three pages of appli- 
cations are included. (12 pp) Johns-Manville, 
Toledo, Ohio. 
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ACTUAL SIZE 


DeJur Digital Transducers are self-contained solid state mini- 
S LJ 2 Mv j N | ATU Re aturized packages designed to measure various parameters 
(pressure, temperature, flow, acceleration) and supply a digital 
signal output without the use of auxiliary equipment. The result 
ied can be a pulse duration type (PDM) digital signal whose pulse 
width in time is directly proportional to the amplitude of the input 


parameter being measured. PPM and PFM outputs also can be 


Constructed to meet rigorous conditions of application and ex- 


posure, DeJur Digital Transducers produce signals compatible 
with digital computers and electronic counters found in all mili- 
tary and industrial installations. 

A new dimension in pressure instrumentation is created by 


= 





ie FEATURES ee “e the introduction of a complete line of subminiature pressure 
ye re instruments. It includes potentiometric pressure transducers, 
-  @ Small size . . . light weight pressure switches and pressure indicating meters with static, 
© Completely self-contained—no auxiliary dynamic and environmental performance characteristics superior 
conversion equipment needed to larger units. 


© Accuracy equal to much larger units WRITE FOR DETAILED INFORMATION 
@ Improved environmental and dynamic 

performance—ideal for military applica- 

tions « 


You’re always 
@ Multiple outputs obtainable sure with 
@ Superior reliability and versatility 


ELECTRONIC COMPONENTS 


SfCUPS YOUU PETFOTM Mirdacves in tnstrumentation 





ELECTRONICS DIVISION, DeJUR-AMSCO CORPORATION, 45-01 NORTHERN BLVD., LONG ISLAND CITY 1, N. Y. 
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The versatile transistor servo amplifier 
by DIEHL 


Designed for operation with any DIEHL 1, 5 or 10 watt 
servomotor at 60 and 400 cycle carrier frequencies, this new 
series of Transistor Servo Amplifiers is also capable of driving 
any DIEHL size 11 or 15 servomotors, or equivalent. 
Superior electrical performance is typified by near-perfect 
linearity over a wide range of input voltage and by the 
absence of measurable phase shift over a 20 cps. passband. 
The use of advanced packaging techniques in 2 inch diameter 
modules produces continuous power outputs of 6 watts in a 
1% inch long can or 35 watts in a 314 inch long can. Units 
are not potted, for accessibility and ease of maintenance; 
air-tight cases are filled with inert aluminum oxide particles 
for maximum heat transfer. 

Also available is DIEHL TP 3-100 solid state power supply 
which accommodates either 6 or 35 watt units by means of 
direct plug-in. 

Please write for additional information. 


SEE US AT IRE SHOW 


SPECIFICATIONS BOOTH 1913-15 


Cat. No 
Output 


Gain 
Taleleh am isals) 
se Shift 


Noise 
Power Req 


TA Trademark of THE DIEHL MANUFACTURING COMPANY 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 
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Coated Materials 662 


Coated products are available in many combina- 
tions of material which afford a wide range of 
electrical and mechanical properties. Meeting 
class A temperature applications of 150°C for 
continuous operation, the materials include 
varnish coated cotton cloths, silks, canvas, fine 
papers, special thin varnished constructions and 
special surface finishes. They may be obtained 
in full width rolls, or slit into tapes, or cut 
into sheets. (6 pp) Minnesota Mining & 
Manufacturing Co., St. Paul, Minn. 


Connectors 665 


Uses of color coded connector cables are given 
in a catalog that describes electronic compo- 
nents, connectors, switches and hardware. Also 
described is a handy, quickly adjustable attach- 
ment (on drills) for cutting holes from 1.” 
to 214" in diameter in wood, plastic, aluminum 
and other materials. (5 pp) Zoron, Inc., Chi- 
cago, Ill. 


Magnetic Components 664 


Described are a wide range of precision mag- 
netic components: e.g. wave filters, magnetic 
amplifiers, molded transformers. The company’s 
specialized engineering and manufacturing 
capabilities in the field of magetics are also 
discussed. (4 pp) Tenco Electronics, Inc., Bos- 
ton, Mass. 


Tachometers 976 


Speeds of 10 rpm and lower are indicated by a 
tachometer with an accuracy of better than 2% 
of full scale and without disturbing pulsations. 
The self-powered system contains a low torque 
de generator having virtually unlimited brush 
life. To minimize the effects of surrounding mag- 
netic material such as steel panels, the 41/2” 
panel mounted meter comes shielded. (16 pp) 
Servo-Tek Products Co., Hawthorne, N. J. 


Relays & Solenoids 974 


Typical curves show pull vs distance for sole- 
noids operating on continuous and actuator 
duty. Relays contain nylon blade lifters for 
long life. Also covered are standard models 
for both continuous and intermittent duty and 
stepping relays in 2 to 12 positions single pole 
continuous rotation. (4 pp) Artisan Elec- 
tronics Corp., Morristown, N. J. 


Logic Modules 986 


Featuring graphic front panels and patchcord 
logic, high-speed logic modules include a tran- 
sistor inverter, flip-flop, variable frequency 
clock, fixed frequency crystal clock, and pulse 
amplifier. Seven other circuits described in 
the folder are plug-in modules designed for 
high density packing in digital systems applica- 
tions. Details on accessory items such as mount- 
ing panels, power supplies and high current 
pulse equipment are also given. (6 pp) Digi- 
tal Equipment Corp., Maynard, Mass. 
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Silicon Rectifiers 658 














cluding a comprehensive selection guide, 
ooklet lists over 400 different rectifiers. It e e 
ontains: complete circuit constant charts for ° 
power supply design; a special section on high 
662 voltage silicon rectifiers; rectifier circuit design 
application notes; and rectifier cell outline draw- 
ngs. (8 pp) Transistron Electronic Corp., IN OPERATING a AAR ath iia ae WITH 
ombina- Wakefield, Mass. 
ange of 
Meeting 
ashe Plastics 653 a) | \ - INCORPORATED 
as, fine Ada 
ons and Compiled to aid designers, a catalog reviews 
»btained polycarbonate resins, phenolic resins, varnishes 
or cut and molding powders, and fused magnesium 
ning & oxide. It also describes phenolic laminating 
varnishes, phenolic foundry resins, coating 
resins, phenolic industrial resins and varnishes, 
and electrically fused magnesium oxide. (12 
665 pp) General Electric Co., Pittsfield, Mass. 
e given P 
ae Multiple Connectors 981 
e. Also 
» attach- Listing the salient features of pin-and-socket 
m 1¥e" type multiple connectors and connector shells 
uminum and inserts, a catalog also lists connector acces- 
1c., Chi- sories. A description is given of a solderless 
technique — the compression-crimp technique — ’ . 
for connecting the contact to the end of the Series 61392 Series $102 
wire, and of hand and power crimping tools. ace 
(6 pp) AMP Inc., Harrisburg, Pa. Bonded Silastic seal or 
664 metal wobble diaphragm. 
Housings evacuated and 
yn mag- 3 , ’ filled with inert gas. Tem- 
napnatic Sealing Electrical Leads 995 i perature in various ranges 
mpany’s aS from —300°F. to +700 
acturing Brochure discusses electrode glands which F. Operating force 9-64 oz. 
ire also pressure seal electrical leads into systems op- ye Series 7102 
1c., Bos- erating from 0.005 microns absolute to 2500 psi 
at temperatures from —300 to +1850 F. Am- 
perage range is from 3.0 to 200 amps. Ceramic 
insulated glands provide high  di-electric 
976 strength. All-Teflon insulated glands are recom- 
mended for highly corrosive applications. (7 
pp) Conax Corp., Buffalo, N. Y. 
ed by a 
han 2% 
~~ Limit Switches 666 
d brush 
ng mag- Methods of installing and structural details are 
ve 41/2” given for metal-cased, snap-acting, precision 
(16 pp) switches with sealed-plunger, roller-plunger, 
J sealed-roller-plunger, and adjustable roller-lever 
or hand actuators. Force and movement specs 
are tabluated for all switches. Included are | Series 61512 
heavy-duty switches rated 1 hp, 125 v ac; 2 hp, 
974 250 v ac; 20 amps 125, 250, 480 v ac; 10 amps 
tungsten-filament-lamp load at 125 v ac; and 
or sole- general purposes switches. (4 pp) The W. L. 
actuator Maxson Corp., Wallingford, Conn. 
ters for 
models 
4 oo Properties of Electrical Tapes 958 
in Elec- 
Designed for quick reference, a property chart | iniature and Subminiature 
on electrical tapes lists typical properties, stand- sealed switches designed and 
ard slitting tolerances, standard lengths and | qualified for AIRCRAFT, MIS- 
military specs. The 31 tapes range from paper SILE, NUCLEAR and INDUS- 
986 to silicone rubber. Minnesota Mining and Manu- | TRIAL HAZARDOUS DUTY 
facturing Co., St. Paul, Minn. LOCATIONS. 
atchcord | Series 61358 
Parcel —_ Write TODAY for NEW 
vues Digital Recording Systems 663 | ) General Catalog. 
ibed in 
ned for In addition to a review of elementary digital | See us at IRE SHOW Booth 1524 
applica- theory, brochure describes applications for | \ 
; mount- digital tape recording techniques. Illustrations | 
current ; and discussions of digital equipment and sys- | INCORPORATED Plaza 6-7441 
») Digi- tems are included. (20pp) Minneapolis- | 


WATERBURY 20, CONNECTICUT 


Honeywell Regulator Co., Beltsville, Md. 
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in 
ee ARE YOU STILL LOOKING FOR : 
ulle’ 
GINEER ? a 
Static Response Accelerometer 914 A CHIEF DESIGN EN N R ; f SF 
uter 
Complete details of a natural quartz crystal I’m an M. E. who has developed —_ 
accelerometer having high precision, fast re- 2 : é wunnne 
: Candle * and designed automatic machinery 
sponce, static calibration and no zero shift : of 
are given. Data sheet describes one model with for the production of electron 
a range of 20,000 G and a natural frequency of tubes, crystal diodes, whisker Diff 
100,000 cps; another model with sensitivity || leads, wire wound resistors and YOUR SEMICONDUCTORS 
to 10 mv/G; and a third model offering high Sa TSS as I d P 
ngs ‘apstitan 16 tne 4. aes a eles | other electronic and electrome re gr 
teristics is included for each model. Kistler chanical components. i 
Instrument Corp., No. Tonawanda, N. Y. ° : 
In addition, I’ve designed ovens, Manufactured to the highest por 
: . ° ur 
honeycomb core machines, ma- standard of Purity, Homogeneity, Elect 
Accelerometer Amplifier System 923 || chine tools, textile machinery, ma- Repeatability and Reliability. 
|} terials, and chemical processing o Diabed Gold Aloe 
Providing output voltages analogous to shock equipment. P F y Cc 
. Al d Alloy 
and vibration data with sufficient amplitude 99.999 uminum an oys 
— to modulate nt es vagicnesr ak in a Background includes Harvard . Heavy Buildup of Tin, In- Able 
teremetering system, @ sould state acceerometer Engineering degree and graduate dium and Alloys on Base bride 
amplifier system measures less than 3 cu in é : ; aah . . 
and weighs approx 4 oz. It combines a piezo- courses in mechanics, materials, Metal Wire of 8 
electric accelerometer and a transistorized am- | electronics, and solid state Physics. © 99.999 Gold to as small as “— 
ve > ° . . ~ . ” in 
plifier with high gain and wide frequency re- Currently employed in the West 0004 rts 
sponse. Bulletin includes a graph which plots | Coast area. " 
sensitivity in mv/g versus frequency response. 
Columbia Research Labs., Woodlyne, Pa. If you'd like to see ac cal : The closest tolerances held on all 
you'd like to see a copy of my physical and electrical properties. Sen 
resume, just drop a note to: 
Precision Potentiometers 698 | Write for data on your specific needs. Thro 
| Box 100 niqui 
: ‘ u ELECTROMECHANICAL DESIGN neces 
Potentiometers from 2” to 5” dia. are de- | SECON METALS CORP perf 
tailed in a technical catalog. All resistance | 167 Corey Road - (SECON no-g 
wires are securely bonded to card to mandrel Brookline 46, Mass. 7 Intervale St., White Plains, N.Y func’ 
by a special process. Windings, with tempera- | WHite Plains 9-475) leak. 
ture coefficient of 0.00002 are generally | inde} 
used and ultrasonically cleaned. In removing CIRCLE NO. 19 ON INQUIRY CARD limit 
insulation, cross-section of wire is not altered ae Sta ss ilies maga as estew subt 
nor is winding resistance affected. (28 pp). able 
Dejur-Amsco Corp., Long Island City, N. Y. sion 
then 
of ft 
Dial Timers 691 —_ 
rem 
vate 
Pushbotton timers automatically control up to 
4 electrical circuits with automatic reset. 
Power interruptions will not cause reset. Six- PI 
teen timing ranges: 0.2 sec — 6 sec to 1 hr- = 
60 hr. Available with 1 or 2 SPDT load ‘ 
switches. Metal-to-neoprene impingement clutch Wire 
combines advantages of multiple-tooth and have 
friction disc clutches without disadvantages of | — 
limited position, slippage, rapid deterioration, | and 
complex structure and expensive replacement. 15 
(4 pp) Automatic Timing & Controls, Inc., adar 
King of Prussia, Pa. 4V/a 
Bran 


Wave Analysis Systems 695 A PART OR A PACKAGE Tra 








Rapidly and economically correlating the mul- A PART: Miniature adjustable ratio speed changers ne 
titude of spectra found in complex and ran- RATIOS: 1:5 up to 5:1 down Wer 
dom wave patterns, two wave analysis systems | (continuously variable over 25:1 range) sisto 
consist of a cross spectral analyzer and a two- | HORSEPOWER: .025 max. either shaft freq 
channel analyzer for transfer function plotting. | TORQUE: 5 to 40 oz-in depending upon ratio lowe 
Brochure contains charts, formulae and available | SPEED: 10.000 RPM max Mole 
options. (16 pp) Minneapolis-Honeywell Reg. | ay My ; ts 
Co., Beltsville, Md. WEIGHT: 8 oz. "ae 
BEARINGS: double, heavy-duty ball 
DELIVERY: 10 days , 
Digital Clock 908 A PACKAGE: Call Metron now if you need help with speed Dig 
changing design problems. Our 18 years of experience with mini- 
: . ‘ ature speed changers and precision instruments is at your service An 

fe mente ed sor te teen ees | to design and build mechanical or electro-mechanical packages. full 

; igi vides accurate x . ’ ! in 3 
dun. tor: Genubinnedinn, dala: aan alae Send your prints today and you'll hear from us promptly! a 
processing, computing systems and test data Elect 
recording. Choice of multiple or single outputs | Vite. ron ee, an eT ee 
in either decimal code or various binary codes. | 432 Lincoln, Denver 3, Colo., PE 3-3764, TWX: Dn 194 
Parabam, Inc., Hawthorne, Calif. 
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Miniature Lamps 937 


ulletin contains dimensional drawings, range 
f voltages, current capacities, and light output 
f special lamps used in instrumentation, com- 
uters, electronic equipment, surgical instru- 
xents and other specialized functions. Chicago 
Ainiature Lamp Works, Chicago, Ill. 


Diffused-Base Transistors 918 


Aicro-alloy transistors contain cadmium junctions 
for increased dissipation ratings and over-all 
juality exceeding 19500A. Adaptable to simple 
sturated circuits they are said to offer low 
urrent, voltage and power requirements. CBS 
Electronics, Danvers, Mass. 


Capacitance Bridge 924 


Able to measure any capacitor, a capacitance 
bridge handles values ranging from fractions 
of a wutfd to 1000uzyfds. Transistorized in- 
strument comes in either standard rack mount- 
ing or in console units. Dynatron Labs., 
Carmarillo, Calif. 


Semiconductor Drift Tester 903 


Through the use of analogue and digital tech- 
niques, a drift testing instrument makes the 
necessary measurements of current and time, 
performs the substraction and indicates a go or 
no-go result. The instrument will perform these 
functions accurately (20.25 microamp) for 
leakage current of up to 250 microamps, with 
independtly adjustable up-drift and down-drift 
limits of 1-99 microamperes. Initial value is 
subtracted from the final value after an adjust- 
able delay of from 0.2 to 10 seconds. A deci- 
sion as to acceptance or direction of failure is 
then made, displayed, and held until initiation 
of the next test sequence. This information is 
available at either the instrument panel or a 
remote location. B-Line Electronics, Inc., Cochit- 
vate, Mass. 


Plug-in Relays 904 


Wire contact, plug-in relays, 4, 6 and 12 pole, 
have a life up to 200 million operations at 3 
amps on contacts where load is not switcher, 
and are rated at 0.5 amps resistive at 28 vdc or 
115 vac. This type of modular relay is easily 
adaptable to rack mounting. Operating time is 
4/2 millisecond. Wheelock Signals, Inc., Long 
Branch, N.J. 


Transistor Test Equipment 905 


Instantaneous indication of gain-band-width 
product is the principle advantage of a tran- 
sistor tester. Typical accuracy is +5% and 
frequency range is 50-750 mc/sec. Special 
lower frequency models are also available. 
Molecular Electronics, Inc., New Rochelle, N.Y. 
of a mmfd to 1000mmfds. Transistorized in- 


Digital-To-Analog Converter 900 


An accuracy of 0.2%, 400 cps and 5.11 volts 
full scale output are among the specs given 
in a three page data sheet describing an 
analog-to-digital converter. Dynamic System 
Electronics Corp., Scottsdale, Ariz. 
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FREE! 

THIS NEW 24-PAGE 
CATALOG LISTS 
D/B'S COMPLETE 

LINE OF DC POWER 
SUPPLIES PLUS 


A 90-SECOND GUIDE 
TO OVER 1,000,000 
ELECTRICAL 
COMBINATIONS OF 
MODULAR SUPPLIES 
ASSEMBLED IN RACK 
MOUNTING KITS 
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Ne"MOMENTARY CONTACT 


SOLENOID AIR VALVES 


TYPICAL SINGLE SOLENOID o 


MOMENTARY CONTACT 
4-WAY VALVE SET-UP 

STARTING POSITION 
SWITCH OFF 


—_—_> PRESS. 
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SWITCH MOMENTARILY 
TURNED ON 
VALVE REVERSES FLOW 


ae 


SWITCH OFF 
VALVE REMAINS 
IN REVERSED POSITION 


| eee N 


SWITCH MOMENTARILY 


TURNED ON A SECOND Ta 
VALVE GOES BACK TO 
STARTING POSITION 

PRESS 


SINGLE SOLENOID 
Current is required only momentarily to change the posi- 
tion of the valve (two-position four-way and three-way 
valves). When the solenoid is energized the valve is 
actuated and remains in the actuated position after the 
current is off. On the next electrical impulse the valve is 
re-actuated (returned to its former position) and remains 
in that position with the power off. 


DUAL SOLENOID 

Dual solenoids prevent the valve from getting out of 
phase, particularly important in automated systems. If the 
same solenoid is energized twice in succession, the posi- 
tion of the valve will not be changed. The opposite sole- 
noid must be energized to reverse the valve. Otherwise 
the operation is the same as described above for the 


single solenoid units. 
CONTROL VALVE DIVISION 


Vw arksdale valves 


5125 ALCOA AVENUE « LOS ANGELES 58 * CALIFORNIA 
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Bulletin 590831 contains complete data. 
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WHERE ARE YOU I/F /T DOESN'T 


LIGHT IN SALT A/R? 


Pressure switches that only turn on warning 
lights in uncontaminated air find it tough 
going in such a simple thing as salt air 
atmospheres. 

The way you beat this problem is to check 
the pressure switch under every known operat- 
ing requirement . . . not just in a vacuum, or 
0% humidity or just at sea level, for instance. 

Take Model 6621 shown at right that can 
do so many jobs. . . operate warning lights, 
measure fuel and oil pressures, actuate air- 
conditioning for electronic gear. This model, 
in ranges from 5 to 1000 psig, operates be- 
tween —65 to 275°F, withstands shock up to 
100 g’s and vibration to 2000 cps. It is only 
14%.6” diameter by 2%” and weighs but 
two ounces. 

Copy us. Test it yourself for six weeks under 
all the requirements of your job. 

Or save six weeks by checking our own test 
data on a full line of pressure switches for the 
type that meets your needs best. Call Mr. 
Charles Colt at Consolidated Controls, Bethel, 
Conn. Phone Pioneer 3-6721, DDD Code 203. 








Inches of Water 
to Hundreds 
of Atmospheres 


Model 6621 shown above is one of 
more than 300 pressure switches 
available from Consolidated Con- 
trols for missile, aircraft and nu- 
clear applications. Working pres- 
sures range from 10” of water to 
10,000 psi at ambient tempera- 
tures from —65°F to 1000°F. 
Standard models for 

e high vibration 

¢ differential pressures 

« hydraulic 

¢ miniaturized applications 

« high temperature 
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7 AMember INGLEWOOD, CALIFORNIA 
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ADVERTISING PRODUCT INDEX 


] 
Product Index | 
Actuators 4, 76 | 
Amplifier, servo 92 | 
Analog-digital converters Cover 2, 9 | 
Bearings 20, 69, 77, 90 
Brakes, magnetic 73 
Brazing handbook 87 
Bushings, ball 61 
Circuit breaker l 
Clutches 47, 97 
Commutators, telemetering Bp 


Cover 3 
Cov. 3, Cov. 4, 9 


Components, rotary 
Components, servo 


Connectors 2, 4 
Connectors, feed-thru 88 
Connectors, printed circuit 32, 65 
Counters, magnetic 59 
Couplings, miniature flexible 47 
Differentials, servo 31, 46 
Displacement measurement 87 
Display boards 43 
Drafting table 25 
Drafting symbols 7 
Drives, variable speed 1,1 
Employment 94 


Cover 2, 12, 52 


Fans & blowers : 


Encoders 


1 


53, 62, 85 
Fasteners 79, 89 
Feedback controls 75 
Filters, magnetostrictive 10 
Gear trains, servo Cover 4 
Gears, precision servo 31 
Metals, precious 8, 94 
Meters, continuous reading 5 
Motors 80, 81, 85 
Motors, gear 88 
Motors, induction a 
Motors, miniature servo 60 
Motors, servo-tach-gen. 74 
Motors, synchronous 46 
Motors, tachometer 60 
Motors, transistorized 42 
Motors, universal 53 
Papers, laminating & coating 81 
Plastic extrusions 80 
Plastics, nylon 27 
Plugs 4 
Potentiometers 11, 70 
Power supplies 95 
Recorders, receiver 58 
Regulators, ballast 34 
Relays, control 13, 22, 86 
Relays, delay 34 
Relay reliability 79 
Seals, ceramic-to-metal 7 


Servo packages 


Servo systems 21, 75 
Solenoids, dc 43 
Speed changers 94 
Speed reducers 88 
Springs, precision 84 
Switches 28, 66, 93 
Switches, pressure 91, 98 


Switches, rotary 82 


Synchros Cover 4 
Tachometers 60, 74 
Telemetering commutators 72 
Temperature chambers 78 
Test jacks 68 
Time code generators 52 
Timers, universal 76 
Transducers 68, 91 
Ultrasonic cleaning 49 
Valves 17, 18, 35, 96 
Weighing, electronic 90 
Wire, precious metals 94 
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3 WRIGHT JMAOTORS 


‘8 A Dependable Source 
88 for Precision Servos 
" and Rotary Components pees 









a Wright Division of Sperry Rand offers design 
“7 engineers faced with new challenges a depend- 
able source for precision servos and rotary 
| 59 components. 

85 Wright Motors meet the most exacting de- 
» 89 mands of critical Defense and Commercial 
10 applications. And when adaptations are re- 
on 4 quired to answer your specific requirements, 
Wright has the qualified engineering and pro- 
= duction capabilities to serve with sureness 
|, 85 and dispatch. 

* A catalog containing data on our complete 
60 line is available upon request. You are also 
74 invited to write for the name and address of 
a your nearest Wright Motors representative. 


81 DIVISION OF SPERRY RAND SERVO 
80 Durham, North Carolina 
: WRIGHT 


4 Tel. 682-8161 ASSEMBLIES 


SERVOS 


58 Join us during the I. R. E. Show at our Hospitality Suite, 
34 Savoy Hilton Hotel, New York City, March 21, 22, 23. 











94 INERTIALLY DAMPED SERVOS 
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PANCAKE COMPONENTS 
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Here’s how CPPG 
is advancing the state 
of the Servo Art 
through miniaturization 
including extensive 
weight reduction 


A TRANSMITTER UNIT 


Within this miniaturized transmitter unit (1'%4”" square by 
21” long, less connector projection) is a size 8 synchro 
transmitter driven through a 1007:1 gear train. The input 
shaft features a detent action which accurately positions the 
transmitter in 13.7’ increments. There are 48 detents available 
and the transmitter EZ may be aligned with any detent. 

A typical application of this unit is remote control of radar 
scanning equipment. Weight: 314 oz. 


~<~— MINIATURE (2 ELEMENT) SERVO GEAR TRAINS 


In the smaller assembly (1” wide by 1.812” long) any gear 
ratio up to 1000:1 can be supplied. In the other assembly 
(1.281” wide by 1.859” long) gear ratios up to 4000:1 are 
available. Choice of size 8 rotating components may be made 
for either design. 

Depending on materials and components, weight: 4 to 6 oz. 





MINIATURE (3 ELEMENT) SERVO GEAR TRAINS —>- 


Two configurations are available to meet your mounting re- 
quirements (1.750” square or 1.188” wide by 2.500” long). 
In either design, gear ratios from motor to first rotating 
component of up to 1000:1 may be supplied, and up to 36:1 
from the first rotating component to the second. Your choice 
of size 8 components for either design. 

Depending on materials and components, weight: 6 to 12 oz. 


Perhaps the units shown are exactly what you have been looking for—or perhaps they are 
Le CFPC 


close to your needs. If not, the Systems Division of CPPC has the engineering knowledge 
Lesign Lfour and the production facilities to design and produce servo packages to your requirements— 


and all this supported by CPPC’s precision rotating components of many varieties. 
Servo Fackage / | | nah , 
Why not give us the opportunity of reviewing your requirements for servo packages today. 


For Further Information Telephone Or Write: 


Cppe CLIFTON PRECISION PRODUCTS CO., INC. 
SYSTEMS DIVISION Clifton Heights, Pennsylvania 


Sales Department: 5050 State Rd., Drexel Hill, Pennsylvania 
MAdison 2-1000, TWX LNSOWN, PA. 1122(U)—or our Representatives 
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